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EXECUTIVE SUMMARY 

The IPAD computer  software  system is  being  planned  by NASA to  enhance 

the   des ign   p rocess   fo r   ae rospace   veh ic l e s .  It w a s  recognized  ear ly  by NASA 

t h a t  IPAD ( In t eg ra t ed  Programs for  Aerospace-Vehicle  Design)  could  have 

widespread  appl icat ion  for   design  of   complex  systems  outs ide of the   aerospace  

f i e l d s  as w e l l .  A s  a f i r s t   s t e p   i n   i d e n t i f y i n g   t h e   s c o p e  of t h e   p o s s i b l e  non- 

aerospace  use of IPAD, NASA i n i t i a t e d  a small con t r ac t   w i th   t he  Columbus 

Labora tor ies   o f  Battelle Memorial I n s t i t u t e   o n  November, 1973. 

The o b j e c t i v e s  of t h i s   r e s e a r c h   c o n t r a c t  were twofold: 

1. To ztdentify  Standard  Industry Classes f o r  wh ich   t he   poss ib i l i t y  

of  applying IPAD appeared  suff ic ient ly   promising  to   warrant  

f u r t h e r   i n v e s t i g a t i o n   i n  a subsequent more comprehensive  study. 

2.  To develop a procedure   for   in te res t ing   ind iv idua l   companies  

i n  making d i r e c t   e v a l u a t i o n s  of t h e   a p p l i c a b i l i t y  of IPAD t o  

the i r   des ign   processes .  The f e a s i b i l i t y   o f   t h i s   p r o c e d u r e  w a s  

t o   b e , t e s t e d  by con tac t ing  a small number of  selected  companies 

t o   o b t a i n ,   i f   p o s s i b l e ,   t h e i r   e v a l u a t i o n   o f  IPAD. 

By mutual  consent  between NASA and Battelle, two v e r y   b r i e f   a d d i t i o n a l  

s tud ies ,of   about  1-2 man-weeks each ,were   car r ied   ou t   to  make t e n t a t i v e  

eva lua t ions   o f   t he   app l i cab i l i t y   o f  IPAD t o  the  proposed  national  energy 

program  and t o  the   gene ra l   f i e ld   o f   u rban  and regional   planning.  

- Review  of  Standard  Industry Classes 

The review of  non-aerospace  industries by  Standard  Industr ia l  Classes 

invo lved   an   i n i t i a l   s c reen ing   o f   each   c l a s s   on   t he   bas i s  of t h e  number and 

type  of   technological ly   or iented  employees,   and  on  the  basis  of t h e   t y p e s  

of products  designed  and  manufactured  in  each class. For c e r t a i n   i n d u s t r y  

classes tha t   appea red   t o   be   po ten t i a l   u se r s   o f  IPAD, a v a i l a b l e   d a t a   o n  

individual  companies (Moody's I n d u s t r i a l  Manual, Company Annual  Reports) 

were s t u d i e d   t o   o b t a i n  more de t a i l ed   accoun t s   o f   t he i r   va r ious   des ign  

activities. A d e t a i l e d   d e s c r i p t i o n  of th i s   su rvey  i s  inc luded   i n  Appendix A ,  

V 



Because   o f   the   l imi ted   scope   of   th i s   survey ,  no q u a n t i t a t i v e   p r e d i c t i o n  

could  be made of t h e   p o s s i b l e  number of  non-aerospace  companies  that  could 

u s e  IPAD. However, a number o f   gene ra l   i ndus t ry  classes w e r e  i d e n t i f i e d  that  

appea red   t o   be   su f f i c i en t ly   p romis ing   t o  warrant fu r the r   s tudy .  The  most 

promising classes appeared  to  be: 

1. Automotive  manufacturing 

2. Heavy c o n s t r u c t i o n  

3. Engines  and  turbines  (power p l a n t )  

4. General electric equipment  manufacturing 

5. Computer  and electronics  equipment  manufacturing. 

It i s  b e l i e v e d   t h a t   o t h e r   i n d u s t r i e s  may e v e n t u a l l y   u t i l i z e  IPAD, as t h e i r  

des ign   func t ions  become suf f ic ien t ly   au tomated   to   adopt  the IPAD technology. 

F i n a l l y ,  i t  appeared   tha t   se rv ice   indus t r ies   could   be   involved  i n  develop- 

ment  of IPAD systems  for  the end users.  These  include  computer-software 

services (both  the  computer  manufacturers  and  independent  companies),  engineering 

and a r c h i t e c t   s e r v i c e s ,  and r e sea rch  and  development  laboratories.  

Direct Evaluat ion of IPAD by S e l e c t e d   I n d u s t r i e s  

To o b t a i n   t h e   a s s i s t a n c e  of se lec ted   companies   in   eva lua t ing  IPAD, a 1 
hour   presentat ion w a s  formula ted   to   expla in   the  IPAD system as it  w a s  then 

being  planned by NASA. The f i n a l  form  of   the   p resenta t ion   a r r ived  a t ,  a f t e r  

carefu l   rev iew by NASA, is d e s c r i b e d   i n  Appendix B. It w a s  e x p l a i n e d   i n   t h i s  

p r e s e n t a t i o n   t h a t  NASA planned   to   deve lop   the   cen t ra l   sof tware   whi le   the   user  

community w a s  expected  to   develop  their   analysis   modules   and  data   bases .  The 

p resen ta t ion  w a s  w e l l  received,   and  four   of   the   s ix   companies   that   heard  the 

presenta t ion   responded  wi th   eva lua t ions  of t h e   a p p l i c a b i l i t y   o f  IPAD t o   t h e i r  

des ign   processes .   Thei r   eva lua t ions  were based   on   the   in format ion   in   the  

f inal  r e p o r t s   o f   t h e  NASA c o n t r a c t e d   f e a s i b i l i t y   s t u d i e s ,   c o p i e s  of which were 
given  each company. 

The r e s u l t s  of t hese   eva lua t ions  were: 

a The  Ford  Motor Company, on t h e   b a s i s   o f  a l imi t ed   s tudy ,  

dec ided   tha t  IPAD would be   very   usefu l   to   the   au tomtf .ve  

indus t ry .  

v i  
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Of t h e  

The Ammann and  Whitney Company dec ided   tha t  IPAD would be  

v e r y   u s e f u l   i n   d e s i g n i n g  and bui lding  highway.systems,   or  

i n d u s t r i a l  complexes.  However, i t  would no t   be   u se fu l   i n  

bu i ld ing   o r   b r idge   des ign .  

The C a t e r p i l l a r   T r a c t o r  Company decided  that  IPAD was 

no t  now use fu l   fo r   des ign ing   t he i r   heavy   cons t ruc t ion  

equipment,   but  that  i t  might   be  very  useful  a t  a f u t u r e  

time (10-15 yea r s ) .  

The Whirlpool  Corporation  decided that their var ious  

appl iance   p roducts   were   no t   suf f ic ien t ly  complex t o   r e q u i r e  

IPAD app l i ca t ion .  However, they.   bel ieved that some of the 

s p e c i a l   c a p a b i l i t i e s   p l a n n e d   f o r  IPAD migh t   be   u se fu l   i n  

t he i r   des ign   p rocesses .  

two companies tha t   dec l ined   t o   r ev iew IPAD, one  (Cincinnati-Milacron 

C o r p o r a t i o n )   d i d   n o t   b e l i e v e   t h a t  IPAD would s i g n i f i c a n t l y   h e l p   i n   t h e i r   d e s i g n  

problems.  The  qecond company (Xerox) d i d   t h i n k   t h a t  IPAD had p o t e n t i a l   a p p l i -  

c a b i l i t y   t o   t h e i r   d e s i g n   f u n c t i o n s   b u t   c o u l d   n o t   a l l o c a t e  manpower t o   s t u d y  

t h e  program i n   t h e  time frame  allowed. 

It w a s  t h e  unanimous  opinion  of  the  respondees  that   if  IPAD were t o   b e  

implemented in to   t he i r   des ign   ope ra t ions ,   t h i s   imp lemen ta t ion  would have  to  

b e   c a r r i e d   o u t   i n  a sequence of s t e p s  over a period  of time. These  companies 

agreed  that  i t  w a s  absolu te ly   necessary   to   thoroughly  tes t   a l l  new technologica l  

methods  and v e r i f y   t h e i r   c o s t   e f f e c t i v e n e s s   b e f o r e   i n c o r p o r a t i n g  them as p a r t  

o f  t h e  company's  main ope ra t ions .  Each  company be l i eved   t ha t   t he  IPAD system 

w a s  too  big  and  complex,  and  required  too  large  an  investment  to  be  absorbed 

i n  one s t e p .  Fu r the r ,  i t  was agreed   tha t  a gradual   process   of   int roducing 

the  system w a s  necessa ry   t o   a l l ow  des ign  management t o   a n t i c i p a t e  and r e c o n c i l e  

t h e   n a t u r a l   r e s i s t a n c e   o f   e s t a b l i s h e d   d e s i g n e r s   t o   t h e   e f f e c t   o f  IPAD on   the  

n a t u r e  of t h e i r  work. It is clear t h a t   t h e   p a c e  a t  which IPAD might  be 

implemented  would  depend heavi ly   on   the  state of the   economichea l th  of a 

given   indus t ry ,   and   the   ind iv idua l  company's  need to   ma in ta in  and  improve 

its compe t i t i ve   pos i t i on .  

v i i  



Special   Studies  

Two s p e c i a l  areas of   poss ib le  IPAD a p p l i c a t i o n s  were i d e n t i f i e d   b y  

Ba t t e l l e ,   du r ing  i t s  research  program,  that  seemed t o  merit s p e c i a l   a t t e n t i o n .  

These were t h e   f i e l d s  of urban  and  regional  planning,  and  the  proj.ected 

na t iona l   p rog ram  to   ach ieve   s e l f - su f f i c i ency   i n   ene rgy .  With the  agreement 

of NASA, Battelle c a r r i e d   o u t   v e r y   s h o r t   s t u d i e s   o f   t h e s e  two a r e a s .   B a t t e l l e  

s p e c i a l i s t s ,   t h o r o u g h l y   f a m i l i a r   w i t h   t h e s e  two areas, were introduced t o  

IPAD and  asked  to   evaluate  i t s  a p p l i c a b i l i t y .   I n   e a c h  case the   eva lua t ion  

made use of t h e   s p e c i a l i s t ’ s   p r i o r  knowledge  of h i s   f i e l d  and  an  acquired 

knowledge of IPAD. It w a s  concluded  that  IPAD c o u l d   p o t e n t i a l l y  be  of 

s u b s t a n t i a l   b e n e f i t   i n   b o t h  areas of   appl ica t ion .  

Conclusions 

A s  a r e s u l t  of  carrying  out i t s  prel iminary  s tudy,  Battelle b e l i e v e s  

t h a t   t h e r e   e x i s t s  a s i g n i f i c a n t   p o t e n t i a l   m a r k e t   f o r   u t i l i z a t i o n   o f   t h e  

IPAD system  to   improve  the  design  product ivi ty   of   sectors   of   the  non- 

ae rospace   i ndus t r i a l  community. A number o f   a r e a s   o f   a p p l i c a t i o n   a r e  

be l ieved   to   be   o f   suf f ic ien t   p romise   to   warran t   fur ther   inves t iga t ion .  

These  include  the  automotive  industry,   the  heavy  construction and o ther  

energy-re la ted   indus t r ies ,   the   computer   indus t ry ,   and   the   f ie ld   o f   u rban  

and  regional   planning.  Any fur ther   inves t iga t ion   should   involve  making 

presenta t ions  of t h e  IPAD s t o r y   t o  companies i n   t h e  above  technical   areas ,  

o r   t o   c i t y ’ o r  state governments  involved in   urban  and  regional   planning.  

Responses   to   these   p resenta t ions  would permit a more r e a l i s t i c   p r e d i c t i o n  

o f   t h e  number of  o rgan iza t ions   t ha t  would bene f i t   f rom  u t i l i za t ion   o f  IPAD. 

A second>and  equal ly   impor tan t   ob jec t ive   o f   any   fu ture   inves t iga t ion   should  

be  the  formulat ion  of   plans  for   the  development  and  implementation  of IPAD 

s y s t e m s   t a i l o r e d   t o   s p e c i f i c  areas of a p p l i c a t i o n .  

v i i i  
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A PRELIMINARY INVESTIGATION OF THE POTENTIAL  APPLICABILITY OF 

THE IPAD  SYSTEM TO NON-AEROSPACE INDUSTRY 

By L. E. Hulber t  

ABSTRACT 

Under contract   to   the  Nat ional   Aeronaut ics   and  Space  Adminis t ra t ion,  

Battelle's Columbus L a b o r a t o r i e s   c a r r i e d   o u t  a s tudy  of t h e   a p p l i c a b i l i t y  of 

the  planned IPAD sys tem  to   the   des ign   ac t iv i t ies   o f   non-aerospace   indus t r ies .  

A s  a r e s u l t   o f   t h i s   s t u d y ,  it w a s  determined  that  I.PAD could   be   o f   s ign i f i -  

c a n t   b e n e f i t   t o  a number  of i n d u s t r i e s ,   w i t h   t h e  most l i k e l y   u s e r s   b e i n g   t h e  

heavy  construct ion  and  the  automotive  industr ies .  

Two a d d i t i o n a l   s h o r t   s t u d i e s  were i n i t i a t e d   t o   i n v e s t i g a t e   t h e   p o s s i b l e  

impact  of IPAD on a national  energy  program  and  on  urban  and  regional  planning 

a c t i v i t i e s  of l o c a l  and s ta te  governments.  These i n i t i a l   s t u d i e s   i n d i c a t e d   t h e  

p o s s i b i l i t y  of   s ign i f icant   payoff   in   these  areas and the   need   fo r   fu r the r  in- 
v e s t i g a t i o n s .  

It was a l s o   d e t e r m i n e d   i n   t h e   s t u d y , t h a t   u t i l i z a t i o n  of IPAD by non-aero- 

space   i ndus t r i e s  w i l l  probably  involve a long  s tepwise  process ,   s ince  these 

indus t r i e s   ma in ta in  a po l i cy  of g radua l   i n t roduc t ion  of new technology. 

INTRODUCTION 

In  response  to   the  growing  needs of t he -ae rospace   i ndus t ry , the   Na t iona l  

Aeronautics  and  Space  Administration is planning  the  development  of  the corn-. 

Puter  program  system IPAD (Integrated  Programs  for  Aerospace-Vehicle  Design). 
Under NASA sponsorship,   the  Boeing  Airplane Company and the  General  

Dynamics Corpora t ion   ca r r i ed   ou t  two e x t e n s i v e   s t u d i e s   o f   t h e   f e a s i b i l i t y  

of  the  proposed IPAD system [1'21 2 Both  companies   reported  that   the  IPAD 
sys tem  should   be   o f   s ign i f icant   benef i t   to   the   p roduct iv i ty   o f   the   des ign  

processes  of  non-aerospace as w e l l  as.aerospace  companies.  

* References are l i s t e d  on  page 93. 



However, s ince   t he   p r ime   conce rn   o f   t hese   s tud ie s  was the  planning  of  IPAD 

to   a t tack   aerospace   p roblems,   on ly  a l i m i t e d   e f f o r t  was spen t   t o   add res s  

non-aerospace  problems. NASA b e l i e v e d   t h a t  it was impor tan t   to   makea  

fu r the r   eva lua t ion  of the   poss ib le   impact   o f  IPAD on  the  non-aerospace 

s e c t o r ,  and  awarded Battelle's Columbus Labora tor ies  a c o n t r a c t   i n  November, 

1973, t o   b e g i n   t h i s   e v a l u a t i o n .  

B a t t e l l e ' s   i n v e s t i g a t i o n   c o n s i s t e d  of two main activities: 

1. A general   survey  of a l l  non-aerospace  industries  by  Standard 

I n d u s t r i a l  Class (SIC) t o   i d e n t i f y   t h o s e   i n d u s t r i e s  most l i k e l y   t o  

use IPAD, and a s tudy   of   spec i f ic   companies   wi th in   these   indus t r ies .  

2. Se l ec t ion  of s p e c i f i c  companies tha t   might  make a d i r e c t   e v a l u a t i o n  

t h e   a p p l i c a b i l i t y  of IPAD to   t he i r   des ign   ope ra t ions .  A presenta-  

t i on   o f   t he  IPAD concept was made t o   e x e c u t i v e s  of these  companies 

i n   s u f f i c i e n t   d e t a i l   f o r  them to  decide  whether  it would be  use- 

f u l   f o r   t h e i r  company t o  make an  evaluat ion  of  IPAD. Follow-up 

d i scuss ions  were car r ied   ou t   wi th   those   companies   tha t   eva lua ted  

IPAD, t o   d i scuss   t he i r   conc lus ions .  

This   repor t   summar izes   the   resu l t s   o f   the   s tud ies   car r ied   ou t .  The 

f i r s t   s e c t i o n   d e s c r i b e s   b r i e f l y   t h e   s u r v e y  of the  non-aerospace  industr ies  by 

SIC. I n   t h i s   s t u d y  i t  w a s  determined  that  IPAD would be   mos t   appl icable   to  

the  automobile and the   heavy-cons t ruc t ion   i ndus t r i e s ,   w i th   va ry ing   deg rees  

of a p p l i c a b i l i t y   t o  a number of o t h e r   i n d u s t r i e s .  

As a r e s u l t  of c o n t a c t s  made with  execut ives   of  six companies, 

four   dec ided   to  make eva lua t ions  of t h e  IPAD system. The r e s u l t s  of t hese  

eva lua t ions  are presented   in   the   second  sec t ion  of t h i s   r e p o r t .  

Shor t   s tud ie s  were a l s o   c a r r i e d   o u t   t o   i n v e s t i g a t e   t h e   a p p l i c a b i l i t y  

of IPAD to  the  problems  of   urban  and  regional   planning  and  to   the  future  

design  problems  that  w i l l  be  encountered as t h e   U n i t e d   S t a t e s   a t t a c k s   t h e  

problem of developing its energy  resources .  The r e s u l t s  of t h e s e   s t u d i e s  are 
p resen ted   i n   s epa ra t e   s ec t ions .  
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REVIEW OF THE NON-AEROSPACE INDUSTRY 
BY STANDARD INDUSTRIAL CLASS 

An ove ra l l   su rvey  w a s  conducted .of   the   non-aerospace   indus t ry   to   eva lua te  

t h e   p o s s i b i l i t y   t h a t   v a r i o u s   t y p e s  of i ndus t r i e s   migh t   be   ab le   t o  make cos t -  

e f f ec t ive   u se   o f  IPAD i n   t he i r   bus iness   ope ra t ions .   Th i s   s tudy  w a s  based  on 

the   S t anda rd   Indus t r i a l  Class (SIC)  code,  which w a s  developed  by  the U. S.  

Department  of Commerce. r31 This   code   a l lows   un i form  ca ta loging   of   the   en t i re  

f i e l d   o f  economic activit ies.  A b r i e f   o u t l i n e  of the  survey is given  here .  

A d e t a i l e d   d e s c r i p t i o n  of t he   s tudy  is g i v e n   i n  Appendix A. 

The i n i t i a l   s t e p  of the   survey  w a s  t o   e v a l u a t e   t h e   e n t i r e  set of SIC 

l i s t i n g s  and t o  eliminate t h o s e   c l a s s e s   t h a t  were thought  to  have l i t t l e  use  

f o r  IPAD. T h i s   f i r s t   s c r e e n i n g  w a s  based  primarily on a pub l i ca t ion  of t h e  

numbers  of  workers  of  given  occupations employed i n   e a c h  class as determined 

by t h e  1970 census .   In   th i s   sc reening ,   t en   occupat ions  were considered 

most r e l e v a n t   ( a r c h i t e c t ,  computer spec ia l i s t ,   mathemat ic ian ,   opera t ions  and 

sys tems  researchers ,   too l  prog-rammer (NC) , and aeronaut ica l  and a s t r o n a u t i c a l ,  

c iv i l ,  e l e c t r o n i c  and e l e c t r i c a l ,   i n d u s t r i a l  and  mechanical  engineers.). 

[41 '  

. -  

T h i s   t n i t i a l   s c r e e n i n g   i d e n t i f i e d  20 c l a s s e s  of i n d u s t r i e s   t h a t  .employed 

a s u f f i c i e n t  number  of engineers  and t e c h n i c a l   s p e c i a l i s t s   t o   w a r r a n t   f u r t h e r  

s tudy.  The s tudy  involved  an  evaluat ion of the   p roducts   involved   in   each  class 

and t h e   i d e n t i f i c a t i o n  and s tudy of s p e c i f i c  companies w i t h i n   t h e   c l a s s ,   s e l e c t e d  

with  the  help  of  an  unpublished  report   prepared by the   Inves to r s  Management 
Sc iences   Inc . ,   fo r  Battelle. Studies  of  individual  companies were primarily  based 

on descr ip t ions   o f   the  company a c t i v i t i e s   g i v e n   i n   t h e i r  1973 annual . reuor t s .*  

Another  source  of  data  on  manufacturers w a s  t h e  Moody's I n d u s t r i a l  Manual. c57 

Further   information w a s  obtained  from  the  companies  making  evaluations  of IPAD 

w i t h   r e s p e c t   t o   t h e i r .   i n d u s t r i e s .  

A s  a r e su l t   o f   t he   a s ses smen t  of i n d u s t r i e s  by SIC ,  two i n d u s t r i e s  were 

judged  to   be  most   probable   users   of  IPAD technology.  These were the  heavy 

cons t ruc t ion   and   au tomot ive   indus t r ies .   Table  1 lists t h e s e  and o t h e r   i n d u s t r i e s  

f o r  which it w a s  judged  the IPAD system  could  possibly  have some b e n e f i t s .  

* Battelle main ta ins   an   ex tens ive  and c u r r e n t   l i b r a r y  of company annual   repor t s .  
The only  companies   considered  in   this   s tudy  for  which annua l   r epor t s  were no t  
obtained were c losed   co rpora t ions   t ha t  do no t   i s sue   r epor t s .  
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TABLE 1. POSSIBLE  INDUSTRIAL  USERS 
OF AN IPAD  SYSTPi 

SIC  INDUSTRY 

1600 

3510 

3520 

3530 

3573 

3600 

3630 

3650 

3710 

7370 

7397 

8910 

8990 

Heavy  Construction 

Engines  and  Turbines 

Farm  Machinery 

Construction,  Mining,  Material 
Handling  Equipment 

Computer  Manufacturing 

General  Electrical  Equipment 
Manufacture 

Household  Appliances 

Communication  Equipment  Manufacture 

Motor  Vehicle  Manufacture 

Computer  Software  Services 

Commercial  Research  and  Testing 
Laboratories 

Engineering  and  Architect  Services 

Miscellaneous  Business  Services 
(Educational,  Scientific,  and 
Research  Org.) 

9900 Conglomerates 

4 



In  add i t ion   t o   t he   cons t ruc t ion   and   ' au tomot ive   i ndus t r i e s ,  it appeared 

t h a t   o t h e r   i n d u s t r i e s ,   s u c h  as engine  and  turbines ,  electrical equipment 

and  computer  manufacturers,   might  be  possible  users  of IPAD. IZowever , any 

a t t empt   t o  make a compar i son   be tween   t hese   i ndus t r i e s   o r   o the r   i ndus t r i e s  

i n   T a b l e  1 o n   t h e   b a s i s   o f   t h e  relative a p p l i c a b i l i t y   o f  IPAD,would be 

premature. It w a s  demonstrated  by  the  companies  performing  evaluation of 

IPAD, t h a t  an accura t e   eva lua t ion  of IPAD a p p l i c a b i l i t y   t o ,  and   poss ib le  

acceptance  by,   an  industry  can  only  be made by members of that indus t ry .  

Thus, fu r the r   eva lua t ions   o f  IPAD by  companies i n  t h e s e   i n d u s t r i a l  classes 

w i l l  b e  recommended as one of the   conclus ions   o f   th i s   s tudy .  

DIRECT EVALUATION OF IPAD 
USEmTLhTESS I N  SELECTED COMPANIES 

.The  survey  of U. S .  indus t ry   descr ibed   in   the   p rev ious   sec t ion  w a s  de- 

s i g n e d   t o   y i e l d   a n   o v e r a l l   p i c t u r e   o f   t h e   p o s s i b l e   a p p l i c a b i l i t y  of IPAD. How- 

ever, i t  w a s  r e c o g n i z e d ' t h a t  a much more accu ra t e   eva lua t ion  of t h e   a p p l i c a b i l i t y  

of IPAD to  design  problems of an indus t ry  would  be made by a company i n   t h a t  

industry.   Therefore ,  a v i t a l   p a r t  of   the   program  for   evaluat ing IPAD w a s  a p l an  

f o r   p r e s e n t i n g   t h e  IPAD concept  to  executives  of  major  companies  along  with a 

r e q u e s t   t h a t   t h e y ' c o n s i d e r  making  an eva lua t ion  of the  possible   impact   of   an IPAD 

system on t h e i r   o p e r a t i o n s .  

Five  companies were c h o s e n   f o r   v i s i t a t i o n   a n d   a n   i n i t i a l   p r e s e n t a t i o n  of 

t h e  IPAD concept.  These were 

1. Caterpillar Trac tor  Company 

2. Ford  Motor Company 

3. Whirlpool  Corporation 

4. Ammann and  Whitney 

5.  Cincinnati-Milacron  Corporation. 

The f i r s t   f o u r   o f   t h e s e  companies  agreed to make eva lua t ions  of IPAD and 

t h e i r   c o n c l u s i o n s  are presented  below. The Cincinnati-Milacron  Corporation 

dec ided   tha t   the  IPAD system w a s  too  complex  for   their   design  needs  and  decl ined 

to make an  in-depth  review  of   the  report .  
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As a r e s u l t ,  Battelle contacted  the Xerox  Corporation  which is a high-tech- . 

nology company with complex design  problems.  This company, after hearing 

a descr ip t ion   of   the  IPAD system  and  making a br ie f   eva lua t ion  of t he  IPAD 

systeni,  decided that   a l though IPAD looked  useful  for some of their  problems, 

they  could  not  then connuit enough time t o  make a meaningful  study  of  the 

program. 

The r e s u l t s  of   the   s tud ies  by the  four  companies is given  in   the  fol lowing.  

Also  included is a b r i e f   desc r ip t ion  of  each company to   help  in   understanding 

their   conclusions.  

From t h e   r e s u l t s  of th i s   phase  of the  study, it may be  concluded  that 

very few, i f  any,  non-aerospace  companies  have  developed  the  design  tech- 

nology or   the   des ign  management s t r u c t u r e   t h a t  would permit  easy  introduction 

of IPAD in to   the i r   des ign   func t ion .   S ince  a new idea  that   does   not  work c o s t s  

t he  company money, company managements r igh t ly   r ega rd  new technology  with 

g rea t   skep t i c i sm  un t i l  its payoff  can  be  proved. All companies  that  were cqn- 

tacted are committed to  the  stepwise  development  of  design  technology. More- 
over,   each  step is de l ibera te ly   t aken  small enough that  the  payoff  can  be demon- 

s t r a t e d .  The s i z e  of  the  technological  advances  represented by IPAD -could  not 

be   d iges ted   in   one   s tep  by any COmPanYalthough each of t h e  companies  recognize 
many advantages  in  using  the  system. 

Nevertheless,   the managements  of these  companies  have  to  be aware of new 

technology,  and'develop  long-range  plans  for  their  companies. Having the  IPAD 

system as a model for  considering  long-range  goals  in  design  technology was 

thought  to  be a s i g n i f i c a n t   b e n e f i t  by the  various  companies. 

The Caterp i l la r   Trac tor  Company 

The Caterp i l la r   Trac tor  Company is the  world 's   largest   manufacturer  

of  construction  equipment  of a l l  types. Its product   l ine   cons is t s   o f  a wide 

model range  of  tracked and  wheeled t r ac to r s ,   doze r s ,  and loaders ,   p lus   scrapers ,  

graders,and  off-highway  trucks. The  company supports  an  extensive  research 

and  development  program t h a t   u t i l i z e s  more than 4000 eng inee r s ,   s c i en t i s t s ,  

and supporting s taff .  
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I 

Of the  $122,000,~00  spent  on  research  and  development  in  1973,  $94,000,000 

w a s  spent  on  development  of new products  and  major  improvements  to  exist-  

ing  products .  . .  , .  

The research  department  a t  the   Techn ica l   Cen te r   i n   Peo r i a ,   I l l i no i s ,  ex- 

p lores   advanced   technology  re la ted’ to   the  company’s c a p a b i l i t i e s ,   i n v e s t i -  

g a t e s  new des ign   concepts ,and   deve lops   ana ly t ica l   p rograms  for   eva lua t ing  de- 

s i g n   a l t e r n a t i v e s .  The engineering  departments  apply  technology  developed by 

t h e  research depar tment   to   the   des ign   of  new machines  or  components  which are 

then   thoroughly   t es ted   in   the   l abora tory  and i n   t h e   f i e l d   b e f o r e   t h e  i t e m  

en ters   p roduct   ion .  

The e x t e n t   o f   C a t e r p i l l a r ’ s   d e s i g n  act ivi t ies  i s  i l l u s t r a t e d  by t h e   f a c t  

t ha t   t hey   i nc reased   t he i r   p roduc t   l i ne   f rom 33 models i n   s even   p roduc t   f ami l i e s  

t o  70 models i n  twelve p r o d u c t   f a m i l i e s   i n  10 years .  Among newer products  

recent ly   developed are a l i n e  of   g raders   wi th   a r t icu la ted   f rames   and  a new 

beadless   rubber  and wire t i re .  
The company has   beensus ing   computers   in   des ign   for  many years .  A t  

present:”the  research  d’epartment  owns-a CDC 3000 Series d i g i t a l  computer  and  an 

EA1 analogue,comput!er. With t h e   c a p a c i t y  of these   machines ,   Caterp i l la r   so lves  

many of i ts  dei lgn.   problems  using  Fograms  that  i t  has  developed. When t h e  

company must  solve a problem  that   exceeds  the  capaci ty   of  i t s  computers, it 

engages   ou t s ide   consu l t an t s   t o   ob ta in   appropr i a t e   so lu t ions .  

Examples  of s t ruc fu ra l   ana lys i s   p rob lems   i nves t iga t ed  by f i n i t e  element 

methods are the  dynamic, . loads  on a back  hoe boom i n  i ts  ope ra t ing   cyc le ,   fo r  

which it w a s  demonst ra ted   tha t   the  c r i t i ca l  l o a d s  were s t a r t i ng   and   b rak ing  

t h e   r o t a t i o n  of t h e  boom as it swings a load  f rom  the  hole   to   the  unloading 

p o s i t i o n .  The company has   been   u s ing   f i n i t e   e l emen t   ana lys i s   fo r   abou t   f i ve  

y e a r s  for ana ly t i ca l   des ign   o f   ce r t a in   eng ine   pa r t s .  One of   the  most  c r i t i c a l  

components  of  any new engine i s  t h e   c r a n k s h a f t .   C a t e r p i l l a r   u t i l i z e s   t h r e e -  

d i m e n s i o n a l   f i n i t e   e l e m e n t   a n a l y s i s   t o   p r e d i c t  stresses i n   t h e   c r a n k s h a f t .  

These   p red ic t ions  may be   checked   wi th   e i ther   p las t ic   models   o r   wi th   cas t - i ron ,  

strain-gaged  models. 

Ca te rp i l l a r   has   been   i nves t iga t ing   t he   u se   o f   compute r   g raph ic s   and   has  

developed a computer-aided  drafting  system. 
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It h a s   d e v e l o p e d   a n   i n t e r a c t i v e   g r a p h i c s   s y s t e m   f o r   c e r t a i n   s t r u c t u r a l   a n a l y s i s .  

One a p p l i c a t i o n   o f   t h i s   s y s t e m  w a s  t o   d i s p l a y   t h e   m o t i o n s   o n   t h e   l i f t  arms of 
an  end loader .  

In   the  development   of   both i t s  ana ly t ica l   and   exper imenta l   research   and  

des ign   t echno logy ,   Ca te rp i l l a r   c r ea t e s   o r   ob ta ins  new a n a l y t i c a l   o r  computer- 

aided  design  procedures as i t  becomes e v i d e n t   t h a t   t h e r e  i s  a need f o r   t h e  

p rocedures ,   t ha t   t he re  would b e  a payoff i n   u s i n g  them,  and t h a t   t h e   c a p a b i l i t y  

fo r   u s ing  them could  be  acquired.  Thus the  development of the  automation of 

the   des ign   process   for   Caterp i l la r   p roducts   has   been ,  and is  expected  to   be,  

an  evolut ionary  process .  On t h e   b a s i s  of about 20 years fexper ience  i n  
applying  computer   analysis   to   design  problems,   Caterpi l lar   es t imates   that  it 

may t a k e   1 0   t o   1 5   y e a r s   t o   r e a c h   t h e   s t a g e   o f   t o t a l   i n t e g r a t e d   d e s i g n   p l a n n e d  

i n   t h e  IPAD system. However, i n   t h e   i n t e r i m   p e r i o d ,   t h e y   b e l i e v e   t h a t   t h e  

IPAD system  can  have a b e n e f i c i a l   e f f e c t  on t h e   d e s i g n   p r o c e s s e s   i n   t h e i r  

indus t ry  (and o t h e r   i n d u s t r i e s )   e v e n   i f   t h e r e  were t o  be no d i r e c t   u s e  o f ,  t h e  

languages and the  computer  executive  systems. They a l so   expec t   t ha t   t he re  may 

be  e lements   of   the   system  that   can  be  more,or , less   useful ,   such  as ,&ress  

analysis   technique  or   hyd.raul ic   system  design.  .yl: 

C a t e r p i l l a r   b e l i e v e s   t h a t   f u l l   d e v e l o p m e n t   o f  a l l  of t h e   a n a l y s i s  modules 

and data  bases  by  single  companies would probably   no t   be   cos t -e f fec t ive .  

Ins tead ,  i t  bel ieves   that   development  of a gene ra l i zed   i nduq t r i a l   ve r s ion   o f  

t h e  IPAD system  should  be  carr ied  out .   This   system would inc lude  a v a r i e t y  

of  general   analysis  modules and wide ly   appl icable   da ta   bases   such  as l i b r a r i e s  

o f   t he   p rope r t i e s   o f  a l l  commonly used   i ndus t r i a l   ma te r i a l s .   I nd iv idua l  com- 

panies  would then   be   ab le   to   incorpora te   p ropr ie ta ry   des ign   methods   and   da ta  

i n t o   t h e   s y s t e m   f o r   u s e   i n   t h e i r   s p e c i a l   p r o b l e m s .  

Ca te rp i l l a r   be l i eves   t ha t   deve lopmen t  o f  t h e   g e n e r a l i z e d   i n d u s t r i a l  ver- 

s i o n  of IPAD should  be  carr ied  out   e i ther   by  government   agency  or   by a con- 

sor t ium of compan ies   u t i l i z ing  a u n i v e r s i t y   o r   a n   i n s t i t u t i o n ,   s u c h  as Battelle, 

to   fu rn i sh   t he   t echno logy  f o r  developing  operating  modules  and  data 

bases .  
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The Whirlpool  Corporation 

The Whirlpool  Corporation i s  t h e   w o r l d ' s   l a r g e s t  company devoted  exclu- 

s i v e l y   t o  making home appl iances .  It i s  a pr imary  suppl ier   of   appl iances  t o  

t h e   S e a r s ,  Roebuck  and Company as well as a d i s t r i b u t o r  o f  appliances  under 

i ts own brand. Its n e t  sales i n  1973 were $1,636,000,000 with  an  expendi ture  

of $27,000,000 on  research  and  development.  Whirlpool's  products  include 

home r e f r i g e r a t i o n   a n d  air condi t ioning,   laundry  appl iances ,  home enter ta inment  

and   e lec t ronics ,   and   o ther   household   appl iances .  

These  products are cons iderably   s impler   in   mechanica l   des ign   than   o ther  

ca tegor ies   cons idered  i n  the   sub jec t   s tudy .  However, the   des ign   func t ion  i s  

ext remely   impor tan t   in   th i s   h ighly   compet i t ive  consumer market  to  achieve 

maximum p r o d u c t   r e l i a b i l i t y  a t  minimum cost   while   producing  products   with 

e s the t i c   appea l   t o   t he   cus tomers .  

The Whirlpool  Corporation  maintains a corporate   research  and  engineer ing 

l a b o r a t o r v  a t  Benton Harbor,  Michigan. f o r  all of its corpora te   opera t ions .  
The Corporate  Research. 'Department  conducts  applied  research  in  six  prime 

areas: engineer ing,   'e lectronic   systems,   computer   technology,   mater ia ls   and 

Processing,  systems  engineering, and na tu ra l   s c i ences .  

Engih!&fing research  is - c a r r i e d   o u t   i n   h e a t   t r a n s f e r  , f l u i d  dynamics , 
na i se   and   v ib ra t ion   con t ro l  and stress ana lys is .   E lec t ronics   sys tems  research  

is d i rec ted   toward   deve loping   e lec t ronic   cont ro ls   and   cont ro l   sys tems  for  

present   and   fu ture   p roducts .  It is a lso   heavi ly   involved   in   manufac tur ing  

and   cont ro l  systems:"'lThe  computer  technology  group i s  r e spons ib l e   fo r   t he  

research  computer  center, including  computer   operat ion,   data   preparat ion,  

programming a consul t ing .  It a lso   p rovides   advanced   sys tems  for   use   in  

so lv ing   cur ren t   and   an t ic ipa ted   researdh   and   engineer ing   problems.   In  

a d d i t i o n   t o   t h e  research center   computer ,   the   research  s taff   can  remotely 

access an IB"370/165  located a t  the   co rpora t e   da t a   p rocess ing   cen te r ,  when 

large  problems  must  be  solved. 

" % 

The materials and  processing  research  department   s tudies   the optimum 

u t i l i z a t i o n   o f  materials for   Whir lpool 's   products .  The Science  Research 

Department i s  r e s p o n s i b l e   f o r   t h e   a p p l i c a t i o n  of v a r i o u s   d i s c i p l i n e s   s u c h  

as chemistry,  microbiology,  physiology,  and  food  science t o  t h e  improvement 

of cu r ren t   p roduc t s   o r   t he   deve lopmen t  of new products.  
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In   r e sponse   t o   t he   desc r ip t ion   o f  IPAD by Battelle, The Whirlpool  Corpora- 

t ion  reviewed  the summary r e p o r t s   o f   t h e   f e a s i b i l i t y   s t u d i e s .  As a r e s u l t  of 

t h i s   s t u d y ,  i t  w a s  concluded  that   there   might   be some advan tages   i n  IPAD f o r  

Whir lpool   but   there  were a lso   d i sadvantages .  Thus i t  w a s  recommended t h a t   t h e  

Whirlpool  Corporation  should  wait   unti l   the IPAD system is more f u l l y   d e f i n e d  

and  developed  before  making  any  substantial  commitment t o  become involved   in  

eva lua t ing   t he  IPAD system. 

The fol lowing i s  a discussion  of  some of   the  advantages and disadvantages 

the  planned IPAD system as viewed  by members of  the  Whirlpool  Corporate 

Research  Staff .  

Some IPAD Advantages ~. 

1. It could  provide the s t r u c t u r e   f o r  a team  approach  to   unify 

t rad i t iona l   p roduct   engineer ing ,   manufac tur ing   engineer ing ,  

and q u a l i t y   e n g i n e e r i n g   i n t o   p a r a l l e l ,   s i m u l t a n e o u s   f u n c t i o n s  

r a the r   t han   t he   p re sen t  serial opera t ion .  

That is? it CouM be a Poin t   for   re th inking   the   des ign   process  

as it i s  appl ied  within  Whir lpool .  The organized,  systemat,ic 

approach  which  an IPAD type  system co,uld a f f o r d ,  wouldjbTr$uce 

t h e  number o f   i t e r a t ions   r equ i r ed   i n   r edes ign ,   fo l lowing   each  

s t e p   i n  moving a design  f rom  engineer ing  to   product ion.   For  

example, a more sys temat ic   cons idera t ion  of p r o d u c t   r e l i a b i l i t y  

could  be made so t h a t  i t  becomes a p a r t   o f   t h e   a c t u a l   d e s i g n  

and  not   designed  into  the  product  la ter .  Whereas aerospace 

companies  have  found  the team approach  important  for  engineering 

design,  the  non-aerospace  companies  could  benefit   from  applying 

t h i s   a p p r o a c h   i n t o  areas t h a t  would include  manufacturing. 

- J C  

. , . .  

2. Much use  could  be made of the  proposed management aspec t   o f  

t h e  IPAD system. 

A .  It c o u l d   f i r s t   b e  a means of   automating  the  paper  

flow  comprising  such  things as engineer ing  approvals ,  

t o o l i n g   r e l e a s e s ,  release fo r   p roduc t ion ,  etc. 



B. 

C .  

D. 

It could make i t  poss ib le   for   engineer ing   and  manu- 

f a c t u r i n g   t o   e a s i l y  communicate  and  consider  mutual 

problem areas on a management level. As such, i t  

would r e i n f o r c e   t h e  team approach  to  design  mentioned 

above. 

The tools ,which are primarily  communications  oriented 

(e.g ., intexact ive  video  terminals   with  graphic '   capa-  

b i l i t i e s ) ,   t ha t   have   been   p roposed   fo r  management.,  would 

make i t  poss ib le   for   managers   to  more d i r e c t l y   c o n t r i b u t e  

t o   a n d   p a r t i c i p a t e   i n   t h e  creative processes   of   design 

concept   formulat ion.   Similar ly ,  it would s impl i fy  con- 

vey ing   t he   des ign   eng inee r s '   concep t s   t o  management. 

More emphasis  could  be  placed  on management a l t e r n a t i v e s  

and   t r adeof f s   w i th   t he   ava i l ab i l i t y   o f   p rog rams   t o   i n t e r -  

r o g a t e   d a t a   f i l e s  and  then  to make the necessary   ana lyses  

( a   n a t u r a l   i n t e g r a t i o n  of t he   ope ra t ions   r e sea rch   ph i lo so -  

phy in to   t he   des ign   p rocess ) .  

3. Use could  be made o f   spec ia l   compute r   so f tware   capab i l i t i e s   t o   be  

in&ihded i n   t h e  IPAD system. 

A .  So f a r ,   t h e   u s e  of  computerized  graphics  has  been  hindered 

for   l ack   o f   s tandard ized ,   easy   to   use   sof tware   packages  

which r ead i ly   t ake   ou tpu t   gene ra t ed  by an  analysis   program 

and  provide a p i c to ra l   t ype   o f   d i sp l ay .  This c a p a b i l i t y  

could  help  promote  the more creative aspec t s   o f   t he   des ign  

: I '  

' p r o c e s s .  It would g ive   eng inee r s   an -oppor tun i ty   t o  more 

thoroughly  examine a l l  a s p e c t s   o f   t h e   r e s u l t s   o f  their 

des ign   ana lys i s .  A p i c t o r a l  summary may show an  obvious,  

useful   design  t rend  which may otherwise  have  gone un- 

no t   i ced .  

B. A system  which  easi ly  ties t o g e t h e r   e x i s t i n g ,   o r   f u t u r e  

sepa ra t e   ana lys i s   p rog rams   i n to  a computer  aided  design 

package  could  reduce  programming  efforts now made i n  

deve loping   spec ia l ized   s imula t ion   packages .  
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However, i t  may b e   t h a t   d u e   t o   t h e  smaller number of 

such  analysis   programs (i.e.,IPAD Operational  Modules) 

f o r  a company such as Whir lpool ,   special ized  programs 

may p rov ide   g rea t e r  ease and f l e x i b i l i t y   o f  use by t h e  

design  engineer .   This  would perhaps more t h a n   o f f s e t  

t h e   e x t r a   d e v e l o p m e n t   e f f o r t   i n   s t r u c t u r i n g   s p e c i a l i z e d  

programs  and  data   f i les .  

P o t e n t i a l  Areas o f   D i f f i c u l t y  

A system  of  the  magnitude  which  has  been  proposed  for IPAD  may not  

be   su i tab le   for   an   engineer ing   des ign   process   which  is  less complex, 

i n   n a t u r e ,   s u c h  as Whirlpool 's .   Aerospace  industry i s  charac te r ized  

by production  of  complex,  costly,low'volume items (from 1 o r  2 t o  

severa l   hundred)   which   requi re   cons iderable   t echnica l   des ign  con- 

s i d e r a t i o n s .  Each design  has  a somewhat un ique   des ign   ob jec t ive  

(Qavload,   veloci tv ,   ranne.  etc.) .  Whir lDool , .on  the  other   hand,   has  
high-volume  production  products whose des ign   c r i t e r ion   r ema in  rela- 

t ive ly   cons tan t   o r   s lowly   evolve   over  a period  of time. 

A typ ica l   Whi r lpoo l   des ign   p ro j ec t  i s  not  so l a r g e   t h a t  i t  must  be 

broken  into  subtasks  which  must  be  coordinated, as i s  done i n  aero- 

space  design.  With smaller pro jec t   magni tude ,  !communication among 

des ign   engineers  i s  poss ib l e   on   an   i n fo rma l   bas i s .  It is  n o t   u n t i l  

t h e   p r o j e c t  i s  ready  to  proceed  from  engineering  to  manufacturing 

that  communications becomes an   impor tan t   fac tor   to   cons ider .  

_. . 
j -1: ? ? ' 

2. IPAD would r e q u i r e  a s p e c i a l   i n d i v i d u a l  as da ta-base   adminis t ra tor .  

Th i s   i nd iv idua l  i s  almost  mandatory  to  maintain  accurate,  up-to-date 

information  for   use  in   analyt ical   programs.   Again  the  magni tude  of  

Whir lpool   des ign   pro jec ts  may n o t   b e   l a r g e  enough t o   j u s t i f y   s u c h  a 

p o s i t i o n   o r   e v e n   t h e   d a t a   b a s e   i t s e l f .  However, s e l ec t ed   subse t s   o f  

spec ia l ized   da ta   requi red   by   ind iv idua l   p rograms  (or   Opera t iona l  

Modules)  and  applications may well be a l l  that   should  be  maintained 

on   an  as needed  basis .  
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3 .  The use   o f   ana ly t i ca l   mode l s   i n   t he   des ign   p rocess  a t  Whirlpool  has 

been of an   evolu t ionary   na ture .  The development  of  special  programs 
t o  meet spec i f i c   needs   encourages   t h i s   evo lu t ion ,   bu t  i t  is a r e l a t i v e l y  

slow process.   Unless IPAD con ta ins   spec i f i c   p rov i s ions   t o  meet t h e  

resis tance  resul t ing  f rom  the  e lements   of   change  which it  r e q u i r e s ,  it 

is not l i k e l y   t o   r e s u l t   i n   s u c c e s s f u l   a p p l i c a t i o n .   A e r o s p a c e   i n -  

dus t r i e s   have  a b e t t e r   s t a r t i n g   p o s i t i o n  from  which  such a program may 

be  launched.  This  change i s  i t s e l f   n o t  bad--in f a c t  i t  probably  repre- 

s e n t s   t h e   b e n e f i c i a l  areas of IPAD. It does,  however,  place  an  added 

burden  on  the  system  which is n e c e s s a r y   f o r   i n i t i a l   u s e .  

The h e a r t  of t h e  IPAD system is the  operat ional   modules .  The develop- 

ment of these  modules would s t i l l  be   necessa ry   i n   add i t ion   t o   t he  

IPAD sys tem  i t se l f .   Exis t ing   p ropr ie ta ry   p rograms  such   as   the  air 

condi t ioner   s imula t ion ,   d ryer   s imula t ion ,   and   the   re f r igera tor  simu- 

la t ions   could   p rovide   the   nuc leus  of the  operat ional   modules .  However, 

these  programs are capable  of independent   appl ica t ion .  Based on   t he  

exper ience   wi th   these   p rograms,   the   huge   ana ly t ica l   des ign   sys tems 

envis ioned   for  IPAD  may not  be  needed  for  Whirlpool.   If  so, it 

would be   be t te r   to   cons ider   each   program and app l i ca t ion   on  its own 

merits r a the r   t han   t he   en t i r e   des ign   sys t em.  Then,  should  our  base 

of   such   appl ica t ions   approach   tha t   found  today   in   the   aerospace  

companies,  and IPAD has  been  successful ly   formulated,  w e  would be 

i n  a l o g i c a l   p o s i t i o n   t o  merge these  programs  into IPAD. 

The Ford  Motor Company 

The  Ford  Motor Company i s  the  country 's   second  largest   manufacturer   of  

automobiles-   and  par ts .  It i s  a v e r t i c a l l y   i n t e g r a t e d  company, producing 

s u b s t a n t i a l   p o r t i o n s   o f   t h e   i r o n  and steel r e q u i r e d   i n  i ts manufacturing 

opera t ions .  The many and  var ied  design  problems  confront ing  the  automobile  

industry  have  been w e l l  p u b l i c i z e d   i n   t h e   p r e s s .   I n   a d d i t i o n   t o   t h e   i n c r e a s -  

i n g l y   s t r i n g e n t   s a f e t y   a n d  air  pol lu t ion   requi rements   be ing  imposed  by  govern- 

ment   regula t ions ,   the   indus t ry   mus t   be   ab le   to   respond  to   the   changing  moods 

of the Amer ican   pub l i c   fo r   d i f f e ren t   t ypes  of automobiles. 
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These moods are pa r t i cu la r ly   changeab le  a t  t h e   p r e s e n t  time because  of   the 

u n s e t t l e d   o i l   s u p p l y   s i t u a t i o n .  In 1974,   and   in to   the   ear ly   par t   o f   1975,  

the   au tomobi le   indus t ry  is  bear ing  a heavy  burden  of  the  economic slowdown 

i n   t h e   U n i t e d   S t a t e s .  

To surv ive   and   cont inue   to   p rosper   in   the   fu ture ,   the   au tomot ive  

i n d u s t r i e s   m u s t   c o n t i n u e   t o   i m p r o v e   t h e i r   p r o d u c t i v i t y   i n   b o t h   d e s i g n  and 

manufacturing. The Ford  Motor Company main ta ins  a continuing  program  of 

research   in   au tomated   des ign ,   inc luding   the   appl ica t ion  of i n t e r a c t i v e  
graphics  and  contour  generation  methodologies  for body design,  and  wide- 

spread   appl ica t ion   of   s t ruc tura l   ana lys i s   codes   such  as NASTRAN f o r  

d e t a i l e d   a n a l y s i s  and   des ign   of   au tomot ive   par t s   for   re l iab le   se rv ices .  

The two sets o f   f i n a l   r e p o r t s   o f   t h e  IPAD f e a s i b i l i t y   s t u d i e s  

were reviewed  by a number  of  Ford s p e c i a l i s t s   i n   t h e   s y s t e m  and  design 

groups.  Because  of  the  economic  conditions  prevailing a t  Ford  and i n  

t h e  rest of the   au tomot ive   indus t ry   dur ing   the  time t h i s   s t u d y  w a s  c a r r i e d  

out  (August,  1974-March,  1975), it w a s  n o t   p o s s i b l e   t o   i n v e s t i g a t e   t h e  

IPAD system in  complete   detai l .   Nevertheless ,  a number of   conclusions 

were reached   tha t  are o f   s i g n i f i c a n c e   t o   t h e   p o s s i b l e   u t i l i z a t i o n   o f  

IPAD i n  automotive  design. 
Some IPAD Advantages 

[1,21 

. 1 .  . , "7 

1. The r e a s o n s   s t a t e d   i n   t h e   c o n t r a c t o r ' s   f e a s i b i l i t y   r e p o r t s  

f o r   t h e   d e s i r a b i l i t y   o f   t h e  IPAD-like  system, as s t a t e d  

i n  terms of an aerospace company's  needs, are e q u a l l y   v a l i d  

for   an   au tomot ive  company. .The   mos t   s ign i f icant   reasons ,  

r e s t a t e d   i n  terms of  an  automotive  scene are: 

A. It has  become i n c r e a s i n g l y   d i f f i c u l t   t o  meet 

market  and  government  requirements  while  de- 

s i g n i n g   b e t t e r   v e h i c l e s   i n  a s h o r t e r  time a t  

a lower   cost .  

B. The time required  to   design  and  develop a v e h i c l e  

l i ne   canno t   be   s ign i f i can t ly   sho r t ened   w i thou t  

e f fec t ive ly   so lv ing   ex is t ing   da ta   communica t ions  

and  management v i s i b i l i t y   p r o b l e m s ,  Such a s o l u t i o n  

can only  be  achieved by a new approach  such as o f fe red  

by IPAD. 
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2. 

C .  The cost   of   engineer ing a product  can  be 

subs tan t ia l ly   reduced   by   increased   use   o f  

a v a i l a b l e   e n g i n e e r i n g   d i s c i p l i n e s  , appl i -  

c a t i o n   o f  some  new ones,  and  continued  auto- 

mation  of many s imple   t a sks   t ha t  are being  done 

manually. 

A s i g n i f i c a n t  number of  computer  software  packages, when r e l e a s e d ,  

and i f   compat ib le   wi th   the   in -house   computer   sys tem,   can   be   d i rec t ly  

applied  in  automotive  engineering  tasks.   Those most readi ly   adaphable  

t o   f a l l   i n t o   o p e r a t i n g   s y s t e m   s o f t w a r e  o r  IPAD framework  software 

c a t e g o r i e s .  It c a n   b e   a n t i c i p a t e d   t h a t ,   d u e   t o   t h e   d i f f e r e n c e s   i n  

automotive  engineering  approach, a s u b s t a n t i a l   p o r t i o n   o f  management/ 

engineering  software,   which  includes most operating  modules,  will have 

to   be   e i ther   s ign i f icant ly   modi f ied   o r   deve loped   f rom  the   g round up. 

3 .  IPAD would f o r c e  a d i s c i p l i n e   i n   d a t a   c r e a t i o n ,   a c c u r a t e   d a t a  main- 

tenance, and : s y s t e m a t i c   d a t a   d i s t r i b u t i o n .  

P o t e n t i a l  Areas o f   D i f f i c u l t y  - 

1. The system as planned may be  too  all-encompassing  to  be 

poreable .   I f  i t  is  t o  become a nat ional   resource,   companies   other  

t han   t he   o r ig ina l   deve lope r s   mus t   be   ab l e  t o  implement it w i t h i n  

t h e i r  own f a c i l i t i e s ,  as has  happened  with NASTRAN. A company 

des igning   e lec t ronic   machinery   and   in te r fac ing   wi th   c i rcu i t   ana lys i s  

programs would no t   be   i n t e re s t ed   i n   ma in ta in ing   t he   so f tware   ove rhead  

of a system  which  can  also  develop  turbine  blade  geometry  and  compute 

t h e   f a t i g u e   c h a r a c t e r i s t i c s .   T h e r e  are "common threads" among a l l  

t e c h n i c a l   d i s c i p l i n e s ,   b u t  some d i s c i p l i n e s   a r e   d i v e r s e   e n o u g h   t h a t  

f o r c i n g   a n   a r t i f i c i a l   s i m i l a r i t y  is an  expensive  luxury. 

2. Many of   the   func t ions   the   l a rge   hos t   computer   apparent ly  i s  scheduled 

to   perform i n  IPAD could  be  handled less expens ive ly   and   jus t  as 

w e l l  by a c a r e f u l l y   d e f i n e d   a n d   s k i l l f u l l y  managed system  of  manual 

procedures .   This  is p a r t i c u l a r l y   t r u e  of t r a i n i n g .  It is suggested 
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t h a t   i n i t i a l   t r a i n i n g ,   c u e s ,  and  prompts,  beyond t h e   u s u a l  menu 

and   message   func t ions ,   be   handled   in   c lass room  or   d raf t ing  room 

sessions,   wi th   manuals   and  tutor ing  handled  during  actual   computer  

usage. 

Mini-  and  micro  computers are being more and  more  extensively  used as 

elements of   computer-aided  manufactur ing  systems,   e i ther   a lone  or   in   hierar-  

chical   Svstems  with  other   computers .  I t  may be   des i rab le  to use  suchcomputers 

f o r  much of the   designer   interact ion  with  communicat ion  to   the  central   computer  

and   cen t r a l  IPAD system  only when necessary.  . .- 
. -  - 

" 

Comments on  Implementation  and  use  of IPAD 

1. When a t tempt ing   to   ident i fy   which   por t ions   o f  a designlengineer ing 

process   can   be   au tomated ,   the   repor t s  [1y21 r ecogn ize   t ha t   t he   mos t  

important   source of information  and  advice i s  the   des igne r   o r   eng inee r  

now per forming   tha t   func t ion .  It is  c r u c i a l   t h a t   t h a t   p e r s o n   h a s   a n  

i n t e r e s t   i n  a success fu l   au tomat ion ,   and   t ha t   he   be   a sked   t o   ac t ive ly  

p a r t i c i p a t e   i n   a n y  new system. A common in i t i a l   mi sunde r s t and ing  

i s  tha t   t he   compute r   t h rea t ens   t o   u su rp   t ha t   po r t ion  of h i s   j o b   w i t h  

which  he  most   c losely  ident i f ies ,   namely,   the  creative process .  The 

IPAD r e p o r t   w i s e l y   p o i n t s   o u t   t h a t   t h i s  w i l l  never  happen  regardless 

of how sophisticated  computer  technology becomes. A subt le ty ,   however ,  

i s  t h a t  upon c a r e f u l   i n v e s t i g a t i o n ,  some design  processes  are found 

t o   b e   n o t  as creative as or ig ina l ly   thought .   Al though  the   s tages  i n  

developing the design may be  complex,  the  outcome is  a func t ion   on ly  

o f   bas i c   quan t i f i ab le   des ign   pa rame te r s   ava i l ab le  a t  t h e   v e r y   f i r s t  

stage . 

.? i: - 

" 8  

2. An a s p e c t  of the IPAD system  which w a s  r e p e a t e d l y   s t r e s s e d   i n   t h e  

r e p o r t s  w a s  the  compression of d e c i s i o n s   i n t o  a continuous stream 

wi thou t   t he   i n t e r f e rence   o f  "non creative" act ivi t ies .  One 

des igner   be l ieved   tha t   per forming   these   rou t ine   t asks   o f ten   p rovides  

v a l u a b l e  ''soak" time for   ideas   to   be   deve loped   and   dec is ions   to   be  

pondered,   and  that   major   design  decis ions  should  be made a t  one ' s  

desk  while   planning  the  day 's   computer  activit ies and  not  debated 

while one is t y i n g  up an  expensive  computer  system. 
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3. It i s  the  pol icy  of   Ford Motor Company t o  car ry   ou t   the   p iece-wise  

development  of  large  systems,  with  each  piece  delivering a near-team 

economic r e t u r n .  It would b e   v e r y   d i f f i c u l t   f o r  Ford to   undertake,  

on i t s  own, a project  of  the  scope  and  magnitude  of IPAD. I t ,  the re fo re ,  

is happy t o  see the  development  of IPAD sponsored  by NASA. It is 

an t i c ipa t ed   t ha t   t he   accep tance  and  use  of IPAD, once i t  i s  developed, 

might   fo l low  the   course   t aken   by  NASTRAN. Once t h i s  program w a s  

developed,  proven  (with NASA sponsorship) , and made ava i l ab le ,  its use 
i n  the   au tomobi l e   i ndus t ry   fo l lowed   na tu ra l ly .   Var ious   s t ruc tu ra l  

a n a l y s i s   t o o l s  are rout ine ly   used   in   au tomobi le   des ign  and  have 

grea t ly   impacted   the   approach   to   p roduct   des ign  and  problem a n a l y s i s .  

IPAD appears  to  have  tremendous  potential   and i t s  impact  on  business  methods 

within  the  automobile  industry  and  elsewhere  could  be  profound. 

The Ammann and  Whitney Company 

The Ammann and  Whitney Company i s  a f i rm of consul t ing   engineers   wi th  a 

cu r ren t   s t a f f   o f   ove r  300. It maintains  a comple t e   des ign   o f f i ce   capab i l i t y  

w i t h   e x p e r i e n c e d   p e r s o n n e l   i n   s t r u c t u r a l ,   a r c h i t e c t u r a l ,   m e c h a n i c a l ,   e l e c t r i c a l ,  

c i v i l ,  s o i l s . ,   a v a i l a b i l i t y - r e l i a b i l i t y ,   l o g i s t i c a l   a n a l y s e s ,   c o m p u t e r ,   s u r v e y ,  

and   cons t ruc t ion-superv is ion   f ie lds .  The company w a s  one  of   the  ear ly  users 

of  computers i n   eng inee r ing   consu l t ing   w i th  i t s  own I B M  650. A t  p r e sen t ,   t he  

company owns an  IBM 1130  and r e n t s  t i m e  on CDC 6600 and I B M  370 computers. 

11s 

: !, 

Its l i b r a r y  of s t r u c t u r a l   a n a l y s i s  programs  includes NASTRAN, ICES-STRUDL, 

STARDYN, and many programs t h a t  i t  has  developed. 

The company has  engaged in   design  of   highways  and  br idges,   bui ldings  of  

all t y p e s ,   i n c l u d i n g   b l a s t   r e s i s t a n t   s t r u c t u r e s ,  mass t r a n s i t   f a c i l i t i e s ,  

a i rpo r t s ,   an t ennas ,   ha rbor s ,  and o t h e r   s p e c i a l   s t r u c t u r e s   s u c h  as drydocks, 

dams, p i e r s ,  and   wa te r f ron t   f ac i l i t i e s , and  water s to rage  and d i s t r i b u t i o n  

f a c i l i t i e s .  Ammann and  Whitney made a n   e v a l u a t i o n   o f   t h e   a p p l i c a b i l i t y  of 

IPAD to   the   des ign   problems  in   each   of   these  areas and  reached  the  following 

conclusions.  
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Design  of  Buildings 

The s t ruc tu ra l   des ign   o f   o f f i ce - type   bu i ld ings  is u s u a l l y  a s t r a i g h t -  

forward   procedure ,   wi th   ex te r ior   she l l   appearance   d ic ta ted   by   the   a rch i tec t  

a n d   c l i e n t ,   a n d   i n t e r i o r   s p a c e   u t i l i z a t i o n   t a i l o r e d   t o   t h e   n e e d s  of t h e  

c l i e n t .  Material choices  are made on   the   bas i s   o f   p re l iminary   conf igura t ion-  

cos t   ana lyses   and   u sua l ly  do no t   change   subs t an t i a l ly   i n   t he   des ign   p rocess .  

S t r u c t u r a l   a n a l y s e s  now u t i l i z e   t h e  computer  heavily. 

S t ruc tu ra l   des ign   o f   pub l i c   bu i ld ings   u t i l i ze s   f i n i t e   e l emen t   ana lys i s ,  

p a r t i c u l a r l y   i f   t h e   b u i l d i n g  i s  a s h e l l   s t r u c t u r e   t h a t  must  conform t o   t h e  

a rch i tec t ' s   concept ion   of   form and funct ion.  A s p e c i a l   s t r u c t u r e   i n   w h i c h  

Ammann and  Whitney w a s  involved as a'member  of the  design  and  construct ion 

team was the  hardened  control   center   for   the  Per imeter   Acquis i t ion  Radar  

e c i l i t i e s  of t h e  SAFEGUARD system. The h i g h d e n s i t y   u t i l i z a t i o n   o f   t h e  

bui lding  space  and  the many d e s i g n   c o n s t r a i n t s   i n   . t h i s   b u i l d i n g   r e q u i r e d  a 

l a rge   des ign  team  and  continuous  interaction  between a l l  o f   t he  members of 

t h e  multicompany team working  on  the  ptoject .  Much communication  and I 

coord ina t ion  was c a r r i e d   o u t  by telephone  and  telecopiek,bnd w a s  slow 

compared t o   a n  iPAD system  which  might   have  been  very  helpful   in   developing 

t h e   d e s i g n   o f   t h e   c e n t e r .  

I n   t h i s  and  each  of  the  other areas of   concern  to  Ammann ai@Whitney, 

the  biggest   need is  for   eff ic ient   cost-est imat ing  procedures   which  might   be 

made a v a i l a b l e   i n  a computerized  system  with a complete  and' . .reliable up-to- 

da te   da ta   bank  of ava i l ab le   pa r t s ,   supp l i e s , and   l abo r  co.ti&i.. 

Mass T r a n s i t  

An  IPAD system would be   ve ry   va luab le   i n   t he   p re l imina ry   des ign   o f  mass 

t r a n s i t   s y s t e m s  when a l l  o f   t he   va r ious   a l t e rna t ive   rou te s   and   t he   va r ious  

t r ade -o f f s   a r e   be ing   s tud ied .   I f   an  IPAD model were developed  for  a given 

t r ans i t   sys t em,  i t  would then   be   u se fu l   a s  a management t o o l   t o   t h e  con- 

s t ruc t ion   supe rv i so r   and   gene ra l   con t r ac to r s .  
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Highways and  Bridges 

Prel iminary  design  of  highway  systems  would be   g rea t ly   he lped   w i th   an  

IPAD sys tem  tha t  would h a v e   t h e   c a p a b i l i t y   t o   i n c o r p o r a t e  a l l  of the   geometr ic  

t e r r a i n   d e t a i l s ,   t h e   v a r i o u s   c o s t   m o d e l s   f o r   l a n d   a c q u i s i t i o n ,   b r i d g e   d e s i g n ,  

c u t  and f i l l  procedures,   environmental  impact,  and o the r s .  As i n   t h e  case of 

mass t r a n s i t ,   t h e  IPAD model  of a given  highway,  once  developed, would b e  

u s e f u l   t o   t h e   c o n t r a c t o r s   d u r i n g  its cons t ruc t ion .  

Ammann and  Whitney p a r t i c i p a t e s   i n  many p ro jec t s   i nvo lv ing   t he   des ign  

of a s ing le   b r idge ,   o r   sho r t   s egmen t s ,  of highway, t o   r e p l a c e  and  upgrade 

existing  highways.  Such d e s i g n   s t u d i e s  would n o t   r e q u i r e   a n  IPAD system. In 
p a r t i c u l a r ,   t h e   d e s i g n   o f   l a r g e   b r i d g e s  is a near ly   sequent ia l   opera t ion ,   p ro-  

c e e d i n g   f r o m   t r a f f i c   s t u d i e s   t o   g e n e r a l   c o n f i g u r a t i o n ,   t o   s o i l  and  foundation 

s t u d i e s ,   t o   d e s i g n  and d e t a i l s   a n a l y s i s  for dead  and live loads ,   wi th   on ly  a 

few i t e r a t ions   needed .  

A i rpo r t s  antL'Harbors 

The IPAD system would b e   p a r t i c u l a r l y   c o s t - e f f e c t i v e   i n   t h e   d e s i g n  of 

new a i r p o r t s   o r  new harbors .  The complexi t ies  of t he   sys t em  in t e rac t ions  and 

t h e   v a r i o u s   n e c e s s a r y   t r a d e - o f f s   r e s u l t   i n   t h e   g e n e r a l   t y p e   o f   p r o b l e m   f o r  

which IPAD would be  most  useful.  The d i s p l a y   c a p a b i l i t i e s   o f  IPAD would be 

p a r t i c u l a r l y   u s e f u l   i n   e x p l a i n i n g   t h e   p r o g r e s s   o f   s u c h   d e s i g n   s t u d i e s   t o   t h e  

pub l i c  and t o   p u b l i c   o f f i c i a l s  who must  oversee  the  development.  

Use of IPAD i n   t h e   d e s i g n   o f   s i n g l e   a i r p o r t   t e r m i n a l s   o r  a s i n g l e  water- 

f r o n t   s t r u c t u r e   b e i n g  added t o   e x i s t i n g   f a c i l i t i e s  would probably  not   be  cost-  

e f f e c t i v e .  
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Support   for  Developing IPAD Systems 

Ammann and  Whitney bel ieves   that   development   of   general  IPAD system 

models i n   t h e  areas of   publ ic   construct ion  (highway  systems,   a i rports ,  etc.) 

should  probably  be  supported  by  an  appropriate   agency  of   the U. S. government. 

The a l t e r n a t i v e ,   i f  IPAD is to   be   deve loped   for   publ ic   cons t ruc t ion ,  is f o r  

s epa ra t e   con t r ac to r s   o r   g roups  of con t r ac to r s   t o   deve lop  IPAD sys t ems   fo r   t he i r  

own use.  Only a ve ry  small percentage   o f   the   indus t ry   has   resources   to  make 

this   type  of   investment .  Even then,   cost   of   these  developments  would then  be 

amort ized  on  subsequent   projects .   Since  the  government   direct ly   or   indirect ly  

pays   the   major   cos t   o f   such   publ ic   cons t ruc t ion ,  i t  would c e r t a i n l y   s a v e  money 

and  develop a b e t t e r   p r o d u c t   i f  i t  were to   support   the   development  of  appro- 

p r i a t e  IPAD systems  and make them g e n e r a l l y   a v a i l a b l e   f o r   p u b l i c   b e n e f i t .  With 
the   major   e lements   of   the   system  developed,   each  contractor   can  add  his  own 

modules t o   t h e   s y s t e m   t o   p a r t i c u l a r i z e  i t  fo r   h i s   u se .   In   ma jo r   pub l i c  con- 

s t r u c t i o n   p r o j e c t s ,  i t  is u s u a l   f o r   t h e  work t o   b e   a l l o c a t e d   t o  a v a r i e t y  of 

c o n t r a c t o r s  and consul t ing  f i rms.   Control   and  schedul ing  of   these many i n t e r -  

ac t ing   cont rac tors   could   be   enhanced   wi th   the   fea tures   to   be   p rovided  by an 

IPAD system. 

The development  of  an IPAD sys tem  for   cer ta in   types   o f   heavy   cons t ruc t ion  

might  be  feasible  through  group  support  of a number  of  like-minded  companies. 

This would probably  be  more  useful  than  individual  development  of sebarate 

IPAD systems by those   l a rge   engineer -cont rac tors  who would have  resources   to  

deve lop   the i r  own vers ions   o f  IPAD. These   cont rac tors   mus t   in te rac t   wi th  

subcont rac tors  and   myr iad   suppl ie rs   on   l a rge   cons t ruc t ion   jobs  and it  would be  

to   the   advantage   o f   the   p r ime  cons t ruc t ion   cont rac tor   to   have  a r e l a t i v e l y  

open IPAD s y s t e m   w i t h   a p p r o p r i a t e   a c c e s s i b i l i t y   f o r  a t  least some of t h e  sub- 

con t r ac to r s .  

I n  summary, IPAD sys tems  of   cer ta in   types  would p robab ly   be   cos t - e f f ec t ive  

t o  some segments  of the   heavy-cons t ruc t ion   indus t ry .  However, i n i t i a l  develop- 

ment of  these  sytems w i l l  be a real  problem,  probably  requiring  government 

subs  id  y . 
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POTENTIAL  APPLICATION OF IPAD  TO 
URBAN  AND REGIONAL  PLANNING 

The o r i g i n a l   o b j e c t i v e s   o f   t h e   c o n t r a c t   b e i n g   d e s c r i b e d   i n   t h i s  

r e p o r t  were t o   i n v e s t i g a t e   t h e   a p p l i c a b i l i t y   o f  IPAD t o  non-aerospace 

industry.   Al though NASA has  considered  the  possible   use  of  IPAD by 

other  agencies  of  the  Federal   Government,  i t  was determined  during  the 

course of B a t t e l l e ' s   s t u d y   t h a t  l i t t l e  cons idera t ion  had  been g i v e n   t o  

the   poss ib le   benef i t s   o f   apply ing  IPAD t o  problems  faced by s t a t e  and 

loca l   gove rnmen t s .   C lea r ly ,   t ak ing   i n to   accoun t   a l l   o f   t he  complex 

in te rac t ionsbe tween  the   fac tors   involved   in   any   major   u rban   or   reg iona l  

plan, i s  a problem as complex as the   des ign  of an a i rcraf t .  With the 
approval  of the  technical monitor, Battelle conducted a br ie f   s tudy  of 

the possibil i .ty of us ing  LPAD in urhan o r  regional   planning.  

Simply s t a t ed ,   u rban  and reg iona l   p lanning   cons is t s   o f   those  

a c t i v i t i e s   n e c e s s a r y   t o   s u s t a i n  a c i t y   o r   r e g i o n   a s  i t  evolves  through 

time. A s  such ,   func t ions   l ike   p roblem  def in i t ion ,   goa l   format ion ,  

a l ternat ives   development ,   evaluat ion,   implementat ion,   adminis t ra t ion,  

and  monitoring  must be accomplished by  a team  of  people  representing many 

d i s c i p l i n e s .  Because c i t y  management and p lanning   func t ions   a re  complex 

and r equ i r e   cons ide rab le   e f fo r t ,   f unc t iona l ly   o rgan ized   c i ty   depa r tmen t s  

and  agencies  have  been  formed.  These  organizations  partition  the  problems 

of  managing  and  planning a c i t y   i n t o  manageable pieces .  However, the  

problems  of c i t i e s  d o   n o t   f a l l   i n t o   t h e s e . c l e a r - c u t   o r g a n i z a t i o n a l   l i n e s .  

Common problems, common da ta   needs ,   and   h ighly   in tegra ted   dec is ions  

charac te r ize   u rban   and   reg iona l   p lanning .  

' ' 3  d 

The h i g h l y   i n t e r r e l a t e d ,  :mult ldiscipl inar)  nature  of  urban 

and   r eg iona l   p l ann ing   l ends   i t s e l f  well t o   t h e   c o n c e p t u a l   s t r u c t u r e  

of   the  IPAD system. Most dec i s ions   w i th in  a c i t y   a r e  made i n   c o n j u n c t i o n  

w i t h  a d a t a   b a s e   t h a t   d e s c r i b e s   t h e   c o n d i t i o n s  and c h a r a c t e r i s t i c s   o f   t h e  

urban area. Decision  makers w i l l  r e q u i r e   d i f f e r e n t   d a t a  and d i f f e r e n t  
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combinat ions  of   data   but   there  i s  s u f f i c i e n t  commonality  of  needs 

between  decision  makers  that  a mas te r   da t a -base   l i b ra ry  would prove 

use fu l .   S imi l a r ly ,   t he   dec i s ions   o f  one  agency or   department   of ten 

a f f ec t   ope ra t ions   i n   o the r s .   Cons ide rab ly  more e f f i c i e n t  and e f f e c t i v e  

management could be achiqved i f  knowledge  about  decisions  and  actions 

were a v a i l a b l e   t o  a l l  departments on a cu r ren t   bas i s .   F ina l ly ,  

d e c i s i o n s   r e q u i r e   t h a t   a l t e r n a t i v e s  be evaluated.  Special-purpose  models 

are a v a i l a b l e   t o   a i d   i n   t h e s e   e v a l u a t i o n s ,   b u t   t h e i r   h i s t o r i c a l   c o s t s  

and  maintenance  problems  have  kept them from  being  used  effectively.  

Additionally,   these  evaluation  models  need  input  of  data  from many d i s -  

c i p l i n e s  and   ' r equi re   an   apprec ia t ion  of t h e   i n t e r a c t i o n s   o f   t h e  many 

urban  functions.  IPAD o f f e r s  one  means for   address ing   these   p lanning  

needs  and a means f o r   i n t e g r a t i n g  some of  the more mechanical  functions 

of a c i t y .  

Large-scale  computer  systems  are  not new to   t he   u rban  and 

r eg iona l   p l ann ing   f i e ld .   T ranspor t a t ion  and  land  use  planning  models  were 

popular   dur ing   the  1960's .  More r ecen t ly ,   spec ia l   pu rpose ,  real  time 

systems are b e i n g . d e v e l o p e d   t o   a i d   i n   t h e   p r o v i s i o n   o f   p o l i c e  and f i r e  

pro tec t ion .   Ful ly   opera t iona l   sys tems  for   account ing ,   payro l l  admin- 

i s t r a t i o n ,  and  budgeting  have  been  adopted by most c i t i e s .  Firfpally, 

a whole new c l a s s  of information  and  analyt ical   models  are being  used. 

These h i s to r i ca l   expe r i ences   l ead   t o   t he   conc lus ion   t ha t  IPAD can be 

accepted  and  used i n  urban  and  regional  planning. 

P o t e n t i d  Uses  of IPAD 

There   a r e   t h ree  main  types  of   appl icat ions  for   which IPAD can 

p rov ide   a s s i s t ance   t o   u rban   a r eas .   F i r s t ,   t he  sys t em can be used t o  

organize a mul t id i sc ip l ina ry   da t a   base   t ha t   can  be accessed by a l l  

departments   and  agencies   in  a c i t y .  Second, gene ra l ,   and   spec ia l  

purpose  models  requiring  input  from  several   departments  can be con- 

s t r u c t e d   t o   a i d   i n   e v a l u a t i n g   a l t e r n a t i v e   p l a n s  and  programs. 
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The da ta   o rgan iza t iona l   po ten t i a l   o f  IPAD should  not be 

viewed as a n  end   product .   Ra ther ,   the   da ta -base   s torage   and   re t r ieva l  

c a p a b i l i t i e s  of IPAD are an intricate p a r t  of o t h e r ,  more soph i s t i ca t ed  

c a p a b i l i t i e s .  The IPAD system i s  d e s i g n e d   t o  be  more than a l a r g e   d a t a  

st.orage  and r e t r i eva l   sys t em  and ,  as such,  should  not be underu t i l i zed .  

Also,  t he   cos t  of the  IPAD system would p r o h i b i t   t h g   e x c l u s i v e  u s e  of 

the  system  for   data   manipulat ion.  

The da ta   o rgan iza t ion   po ten t i a l   o f  IPAD could  focus on 

cons t ruc t ing  a da ta   base   conta in ing   re levant   da ta  on current  urban 

c h a r a c t e r i s t i c s  and  condi t ions  that   can be  used f o r   a n a l y t i c a l  and mech- 

anical   unct ions.   These  data   should be c l a s s i f i ed   geograph ica l ly ,  

ch rono log ica l ly ,   and   h i e ra rch ica l ly   i n  terms o f   d e t a i l .  The r e t r i e v a l  

system  should be capab le   o f   agg rega t ing   o r   d i saggrega t ing   da t a   t o   t he  

d e s i r e d   l e v e l   o f   s u b j e c t   d e t a i l  and  geographic  scope,  and  organizing 

the   da ta   in   the   p roper   chronologica l   f rame.  

f 

The con ten t  of t h e s e   d a t a   i s - p r a c t i c a l l y   i n f i n i t e .  Some 

r ep resen ta t ive   t ypes  of da ta  are 

e Populat ion by age,   sex,   color ,   and income f o r  Census blocks 

Sewer  and water sys tem  conf igura t ion   inc luding   loca t ion ,  
. .  . s i z e ,   a g e ,  and cond i t ion  

r B n i  e Transpor ta t ion   rou tes  by types ,   loca t ion ,   capac i ty ,   use ,  
and cond i t ion  

e A i r  q u a l i t y   d a t a  by pol lutant   type,   locat ion,   concen-  
t r a t i o n ,  and du ra t ion  

e Budget  and expendi ture   da ta  by department,  program,  and 
d a t e  

e Land va lua t ion  by loca t ion ,   type  of land use ,  and  ownership 

e Vital  s ta t i s t ics  (b i r th s ,   dea ths ,   mar r i ages ,   d ivo rces )  by 
loca t ion ,   demograph ic   cha rac t e r i s t i c s ,  and  time 

e Education s ta t is t ics  by loca t ion ,   school   d i s t r ic t ,   type   o f  
school  

e C r i m e  and f i r e   s t a t i s t i c s  by loca t ion ,   t ype ,   s eve r i ty .  

Care should be exe rc i sed   t o   i nc lude  a l l  po ten t i a l ly   u se fu l   da t a   w i thou t  

overburdening   the   sys tem  wi th   t r iv ia l  data  sets. Also,  i n  order  t o  be 

effective, the update  of the   da ta   base   should  be made p a r t  Of t h e   r e g u l a r  
rou t ine  of t h e   c i t y  so t h a t  n o  d u p l i c a t i o n   o f   e f f o r t  is  requi red .  
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The  second  major p o t e n t i a l  u se  of   the IPAD. system is  f o r  

spec ia l   mode l ing   ac t iv i t i e s .  A s  conceptua l ized ,   the  IPAD system w i l l  

have   t he   capac i ty   t o   accep t   spec ia l   mode l s .  IPAD w i l l  se rve  as the  

interface  between  the  user  and  the model  and  between  the  model  and  the 

da ta   base .  A host   of.specia1-.purpose  models,   most  being  simulation 

and s t o c h a s t i c   i n   n a t u r e ,   a r e  used i n  urban  and  regional  planning. 

Transportation  models , land-use  models,   population-projection  models,  

loca t ion /a l loca t ion   models ,  demand models,  social-impact  models,  and 

many other   models   have  been  developed  for   special   funct ions.   Signif i -  

can t   e f fo r t   has   been  expended by c i t i e s   t o   d e v e l o p   t h e s e  models  and 

' IPAD should  be  designed  to accommodate  them without   requir ing  major  

r ev i s ion .  

The t h i r d   a r e a   i n  which IPAD can   con t r ibu te   t o   t he   u rban  and 

reg iona l   p lanning   profess ion   re la tes   to   per forming   mechanica l   func t ions .  

Admin i s t r a to r s   o f   l a rge   c i t i e s  mus t  spend  count less   hours   in   the  processing 

of  forms,  applications,   records,   and  other  miscellaneous  data.  IPAD 

could  serve as a c e n t r a l   d e p o s i t o r y   f o r   t h e s e   d a t a  and  could  help 

s tandard ize   the   p rocess  by which  they  are  generated.  Examples  of  functions 

t h a t  IPAD could  serve  include : 

a Maintaining  and  displaying  repair   and  maintenance  gwords 
f o r   s t r e e t s ,   s e w e r s ,   t r a f f i c   c o n t r o l   d e v i c e s ,   e t c .  

0 Processing  and  s tor ing  cr ime  reports  

0 Process ing   and   s to r ing   f i r e   run   r epor t s  

a Process ing   and   s tor ing   tax   records  

a Maintaining  and  displaying  current   budget   and  expendi ture  

'li i 

d a t a  by department  and  agency 

a Maintaining  inventory  and  purchasing  records.  

These  mechanical  functions  could be  made more e f f i c i e n t   t h r o u g h   t h e  

use  of IPAD and, a t  the  same t ime,   the  data  would  be a v a i l a b l e   f o r  use  

by other   agencies   and  departments .  The value  of IPAD is  i t s  a b i l i t y   t o  

sys t ema t i ze   t he   co l l ec t ion   p rocess  and t o   d i s p l a y   t h e   d a t a  and  records 

i n  a format   compat ib le   for   the i r   use .   For   example ,   f i re   run   repor t s   can  

be  used i n  a t  least  two  ways. F i r s t ,   t he   agg rega te   da t a   can  be used f o r  

determining  budget   requirements ,   capi ta l   purchases ,   and  cash-f low 
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requirements.   Second,  the same da ta   can  be used i n  a s p a t i a l l y  

disaggregated manner fo r   de t e rmin ing   a l loca t ions  of men and  equipment 

between f i r e  s t a t i o n s ,   f o r   i d e n t i f y i n g  new f i r e  s t a t i o n s ,  and f o r  

i d e n t i f y i n g   a r e a s   o f   p o t e n t i a l   h i g h   f i r e   r a t e s .  A similar s i t u a t i o n  

exists for   po l ice   and .cr ime  repor t s .   These   da ta   can  be used f o r  

determining  aggregate  demand fo r   po l i ce   p ro t ec t ion , , j fo r   ana lyz ing   spa t i a l  

loca t ion   of  crime, and f o r   a i d i n g   i n   c r i m i n a l   i n v e s t i g a t i o n s  where 

t r e n d s ,   p a t t e r n s ,  and   suspec t   cha rac t e r i s t i c s   can  be searched  and  cross- 

c l a s s i f i e d   t o   a i d   t h e   i n v e s t i g a t o r s .  

In summary, t h e  IPAD system  appears   to   provide  the  general  

capab i l i t y .   fo r   i n t eg ra t ing   da t a ,   pe r fo rming   ana lyses ,  and  conducting 

rout ine   func t ions  of a c i t y .  The u l t ima te   des ign   t ha t  i s  being worked 

with i s  t h e   c i t y ,  i t s  s p a t i a l   p r o p e r t i e s ,  and s i t u a t i o n a l   c h a r a c t e r i s t i c s .  

This   des ign  i s  q u i t e   d i f f e r e n t   t h a n   a n   a e r o s p a c e   v e h i c l e ;   y e t   t h e  

c a p a b i l i t i e s  of t he  s y s t e m  can   br idge   the   d i f fe rences .  

Potential   Problems 

The i n t roduc t ion  of IPAD, o r   any   la rge-sca le   sys tem,   in to   an  

urban a'*% can resu l t  in  several   problems.  These  problems  revolve 

around use?. a c c e p t a n c e ,   s u b j e c t   m a t t e r   a d a p t i b i l i t y ,  and s e c u r i t y .  

F i r s t ,   c i t y  governments w i l l  have t o  be convinced  that   the I P A D  

system is a f e a s i b l e   a l t e r n a t i v e   t o   t h e   s t a t u s  quo  and that   the   system 

o f fe r s   cos t   s av ings  and increases   in   e f fec t iveness .   Res is tance   to   change  

is  c h a r a c t e r i s t i c  of many of   the   c iv i l - se rv ice- type   func t ions   o f  a c i t y .  

Addit ional ly ,   recent   t rends  toward  unionizat ion of s t a t e ,   c o u n t y ,  and 

municipal  employees  could  prove a problem i f   t h e  IPAD system is used 

t o  replace c u r r e n t  manual labor.  Training  programs  and  job  placement 

programs  would  be  mandatory  companions of t he  IPAD system. 

A second  problem  facing  the  implementation  of IPAD i n   c i t i e s  

i s  w h e t h e r   s u f f i c i e n t   i n f o r m a t i o n   e x i s t s   t o   e f f e c t i v e l y   l i n k   t h e   v a r i o u s  

funct ions  of  a c i t y  i n to   an   i n t eg ra t ed   des ign  model. Much i s  known 

about individual   urban  funct ions.   Models .   data .   and  evaluat ion  techniaues 
are a v a i l a b l e   t o   a i d   d e c i s i o n   m a k e r s .  However, t he   r e l a t ionsh ips  between 
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urban   func t ions   a re   no t  w e l l  understood  and  the  theory  behind  the  linkages 

does  not exis t  i n  many cases. For  example,  the  strong  linkage  between 

land-use  planning  and  transportation  planning  has  long  been known and 

many d i f f e r e n t  models ex i s t  t h a t   a t t e m p t   t o   q u a n t i f y   t h i s   l i n k a g e .  

Recent ly ,   p lanners   have  been  real iz ing  that   land use, t r a n s p o r t a t i o n ,  

s o c i a l   c o n d i t i o n s ,  and  environmental   conditions a re  a l l   h i g h l y   i n t e r r e l a t e d .  

Few models,  however, a r e   a v a i l a b l e   t o   d e s c r i b e   t h e s e   l i n k a g e s  and those 

t h a t   d o  exis t  a r e  open t o   c r i t i c i s m .   I n   f a c t ,   d u e  t o  the  dynamics  of 

change   inherent   in   the   c i ty   sys tem,   p lanners  may never know t h e   r e l a t i o n -  

s h i p s  between tbese elements ,   a l though  interact ions  through  an IPAD 

model should   o f fe r   increased  hope  of   evaluat ing  these  re la t ionships .  

The  main po in t  i s  that   the   urban  system  cannot   yet  be p a r t i t i o n e d   i n t o  

pieces ,   analyzed,   and  reconstructed  the way an   aerospace   vehic le   can .  

Care must be taken  not   to   superimpose a de te rminis t ic   sys tem on a system 

t h a t  i s  f a r  f rom  being  determinis t ic .  

3 

The f ina l   conce rn  res ts  wi th   t he   s ecu r i ty  of t he  IPAD system 

for   appl ica t ions   involv ing   in format ion   about   ind iv idua ls .   Three   bas ic  

f a c t o r s  need t o  be cons ide red .   F i r s t ,   t he   sys t em m u s t  p r o t e c t   a g a i n s t  

the  possible   permanent   destruct ion  of   i r replaceable   data .   Second,  the.' 

system  must  insure  the  anonymity  of  individuals.   Third,   provisions  should 

be made to   p roh ib i t   abuse   o f   da t a  by non-authorized  iL1dividuals.  Data 

secu r i ty   p rov i s ions  i n  the  planned IPAD system  should a t   l e a s t   e a s e  

t h i s  problem. 

I 

L w  
.I I . 

I n i t i a l   S t e p s   f o r  IPAD Implementation 
i n  Urban  and  Regional  Planning 

I f   t h e   f e a s i b i l i t y  i s  e s t ab l i shed   fo r   deve lop ing  a vers ion  of  

IPAD for   urban  and  regional   planning  purposes ,  a t rans i t iona l   implementa t ion  

program  must  be  undertaken.  Such a program  should  focus on two p o i n t s .  

F i r s t ,   d e m o n s t r a t i o n   e f f o r t s   w i t h   e x i s t i n g   s o f t w a r e  and information 

s y s t e m s   c u r r e n t l y   i n   o p e r a t i o n   i n   c i t i e s   s h o u l d  be  made. Special  emphasis 

should  be  given to   ga in ing   t he   suppor t   o f   t he  Urban Information  Systems 

Interagency Committee (USAC). This  committee i s  l ed  by t h e  Department 

of Homing  and  Urban  Development  and  has  participants  from  the  Departments 
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of  Health,  Education,  and  Welfare;  Transportation;  Labor; Commerce, J u s t i c e ;  

National  Science  Foundation;  and  the  Defense  Civil   Preparedness Agency. 

S e c o n d ,   t h e   i n i t i a l   d e m o n s t r a t i o n   p r o j e c t s   s h o u l d   s e e k   t o  

overcome some of t h e   t r a d i t i o n a l  problems  of   large  scale   systems.  E a r l y  

re lease   vers ions   o f  IPAD should   conta in   models   and   u t i l i t i es   tha t  are 

s i m p l e  and  noncontroversial  so  t h a t   c o n s t r u c t i v e  criticisms of IPAD 

can  be  obtained.   Addit ional ly ,   the  model  should be developed  with a 

s p e c i f i c   p o l i c y  o r  problem  or ientat ion.  It should  not be so ld  as a 

cure-all  for   u rban   problems.   In   the   ear ly   s tages ,   the  users should be 

shown t h e   p o t e n t i a l  of the  model,   not  forced  to  deduce i t s  p o t e n t i a l  

from  broad c a p a b i l i t y   s t a t e m e n t s .  The models   contained  in  IPAD should 

be  made usab le   and   e f f i c i en t .  Long-term b e n e f i t s  from the  system  can 

be l o s t   i f   t o o  much c r i t i c i sm  ex i s t s   abou t   t he   i nd iv idua l   mode l s .  The 

f i r s t   v e r s i o n s   s h o u l d   f o c u s  on a p p l i c a t i o n s   t h a t   a r e   d e t e r m i n i s t i c  

r a t h e r   t h a n   s t o c h a s t i c .  

It appea r s   t ha t   t he  IPAD sys tem  does   ho ld   s ign i f icant   po ten t ia l  

f o r   a p p l i c a t i o n s   i n   c i t y   p l a n n i n g  and  management. T h i s   p o t e n t i a l  i s  keyed 

t o   t h e   s y s t e m ' s   a b i l i t y   t o   h a n d l e   d a t a ,   t o   p e r f o r m   i n t e g r a t e d   a n a l y t i c a l  

t a sks ,  and to   e f f i c i en t ly   execu te   mechan ica l   j obs .   A l though   an   u rban  

a r e a   h a s   a n   i n f i n i t e  number of poss ib l e   app l i ca t ions ,   ca re  m u s t  be taken 

t o   i n t r o d u c e   t h e  IPAD s y s t e m  in a p p l i c a t i o n s  where  the sys tems c a p a b i l i t i e s  

can b e s t  be manifested.  

. - ,  
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IPAD AND THE U. S .  ENERGY PROGRAM 

The Battelle Memorial I n s t i t u t e  has been  deeply  involved  in   research 

r e l a t e d   t o  the product ion  and  dis t r ibut ion  of   var ious  forms  of   energy  for  

many years .  A s  a f u r t h e r   r e c o g n i t i o n  of the c r i t i ca l  problems  facing  the 
u. s. i n   t h e   e n e r g y   f i e l d ,  Battelle i n i t i a t e d   t h e  Battelle Energy  Program i n  

1973. Uti l iz ing  the  background  accumulated  in   the Battelle Energy  Program, 

the   fo l lowing   eva lua t ion  w a s  made of the  possible   impact   of  IPAD on  the U. S. 

energy  problems. 

Although, as y e t ,  no clearly  defined  long-range  plan  has  been  developed 

for   a t tack ing   the   energy   problems  of   the  U. S . ,  s e v e r a l   p o i n t s  are becoming 

clear. 

0 There are n o   e a s y   o r   s h o r t - t e r m   r o u t e s   t o   t o t a l l y  U. S .  cont ro l led  

energy  sources  

e I n   t h e   s h o r t  time period,   1980  to   1985,   energy  conservat ion  and more 

e f f i c i e n t   u t i l i z a t i o n  must  be  considered as absolu te ly   necessary  

e Energy  conservation w i l l  p robab ly   no t   f r ee   su f f i c i en t   ene rgy   supp l i e s  

t o   ach ieve   na t iona l   goa l s  and r i s i n g   a s p i r a t i o n s  of U. S. c i t i z e n s .  

Thus, i t  appea r s   t ha t  a p a r a l l e l   p o l i c y  of   conservat ion and s t rong  commitment 

to   deve loping  new sources  and  supplies  of  energy w i l l  be  necessary:. ' The l a t t e r  

w i l l  r e q u i r e   b e t t e r   d e f i n i t i o n  and commitment to   long-range   goa ls   than   has  

ever  been  true  of  the U. S. s o c i e t y .  

In   rev iewing   the   var ious   a l te rna t ives   open  t o  t h e  Un,ited S ta tes ,  the  

fo l lowing   s t eps   appea r   t o  be  necessary  to  the  development  of a s e l f - s u f f i c i e n t  

energy  industry.  

In   the   next   decade ,   us ing   a l ready   ex is t ing   t echnology  for   the  most p a r t ,  

s i g n i f i c a n t   e f f o r t  w i l l  h a v e   t o   b e   p u t   f o r t h   t o   d e v e l o p   o i l  and gas   s l lpp l ies  

control led  by  the U. S . ,  such as: 

e Exploration  and  development  of  Alaska  resources  such as NPR No. 4 ,  

Prudhoe Bay, and o t h e r   A r c t i c   f i n d s  

e More rapid  development of ou te r   con t inen ta l   she l f   r e sources ,   i nc lud ing  

At l an t i c   and   Pac i f i c   coas t s  
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0 Move toward  more rapid  development of  t h e  U. S. indigenous t a r  sands 

and o i l   s h a l e .  

While t h i s  is  being  implemented in   the  next   decade,   technology  develop-  

ment ,   p lant   design  and  construct ion  should move forward  to   provide a massive 

network  of   coal-gasif icat ion  and  coal- l iquefact ion  plants   for   needed  gaseous 

and   l iqu id   fue ls   necessary   to   rep lace   d iminish ing   c rude  and n a t u r a l   g a s   s u p p l i e s  

i n   t h e  1985-2000 t i m e  p e r i o d .   P a r a l l e l   w i t h   t h i s ,  and under is the 

development  of  base-load,  light-water,  nuclear power p l a n t s .  Time l a g s  and t h e  
need   fo r   an   unpa ra l l e l ed   i n f lux  of c a p i t a l  w i l l  probably  prevent  construction  of a l l  

t he   nuc lea r   p l an t s   des i r ab le .   Foss i l - fue l ed  power p l a n t s  w i l l  probably  always 

be  needed  for  peaking  and  swings i n  power requi rements .   Al te rna t ive   sources   o f  

energy  (such as s o l a r  power) may be  added t o   t h i s   e n e r g y  mix'. 

It w a s  no ted   above ,   tha t   so lu t ion  of the  energy  problems w i l l  r e q u i r e   a n  

enormous long term commitment. It has  already  been  recognized by the   Of f i ce  

of   the   Pres ident   tha t   such  a program w i l l  p robab ly   be   t he   l a rges t   s ing le  commit- 

ment ever   a t tempted  by  this   country.  

A review o f   t h e   i n d u s t r i a l  classes d e s c r i b e d   i n  Appendix A shows t h a t  

t h e  main load  of   meet ing  the  construct ion  goals   out l ined  above w i l l  f a l l  on 

four   types   o f   indus t r ies :  

e Heavy C?nstruction 

e Engines  and  Turbines 

e Engineering  and  Architect  Services 

e General Electrical Equipment  Manufacturers. 

The pool   of   technical  manpower wi th in   t hese   i ndus t r i e s  now and i n   t h e  

n e a r   f u t u r e  w i l l  be  inadequate t o  cope  with  the  scope and  magnitude  of  the 

design  problems  that  w i l l  have   to   be  overcome i f   t he   Un i t ed  States does  indeed 

embark on a full-scale  energy-development  program. Even a t  the   p re sen t  time, 

one  of  the  major  causes of delay  in   construct ion  of   an  a tomic  energy  plant  is 

the   mass ive  manpower r equ i r emen t s   fo r   p l an t   des ign .  The FEA estimates 100,000 

man-yearslyear  of  technical  personnel w i l l  be   requi red   to   bu i ld   p ro jec ted  nu- 

c l e a r  power p lan ts .   I f   one   adds  to t h e   t e c h n i c a l  man-hour requi rements   for  

nuc lear   p lan ts   to   s imi la r ly   mass ive   inves tments   o f  t i m e  for   coa l -convers ion  
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p l a n t s ,  it becomes easy   t o  see t h a t   d e l a y s   i n  new plan t   cons t ruc t ion   caused  

by  shortages of des ign- func t ion  manpower could  be massive. 

It would  appear   that   the   only real is t ic  way i n  which th i s   sho r t age   o f  
engineers is t o   b e  overcome  would be to   automate  the  design  funct ion  through  the 

development of a p p r o p r i a t e  IPAD o r  IPAD-like  systems.  Further,  any  investment 

now i n   t o o l s  a n d   t e c h n i q u e s   t o   i n c r e a s e   t h e   e f f i c i e n c y ,   d e c r e a s e   t h e   t o t a l  

time required  (because  of   capi ta l   commit ted) ,and  decrease  the  chance  for   error  

i n   t h e   d e s i g n  of energy   p lan ts  w i l l  have  massive  payoffs   in   each new energy 

p l an t   cons t ruc t ed .  

When o n e   m u l t i p l i e s   t h i s  by t h e   l a r g e  amount of  plant  and  equipment 

necessa ry ,   an   i n t eg ra t ed   des ign   t oo l   l i ke  IPAD should  be  accorded a n a t i o n a l  

p r i o r i t y .  To whatever   extent   possible ,   the  U. S. energy  industry  should  not 

w a i t  fo r   the   too l   to   be   comple te ly   deve loped   before   apply ing  it t o  new energy 

p l a n t s .  'Any i n c r e a s e s   i n   d e s i g n e r   e f f i c i e n c y  as the  program i s  developed 

might  very w e l l  pay  handsomely f o r   t h e  program  on a "pay-as-you-go" b a s i s .  

I n   t h i s   s h o r t   s t u d y ,   c o n s i d e r a t i o n  was g iven   to  many prac t ica l   p roblems 

encountered i n   d e s i g n i n g  and construct ing  major   plants ,   and how these  might 

be   a f f ec t ed  by an  IPAD system.  This   s tudy  revealed  that   one  of   the  most  

amazingly  costly  and  t ime-consuming  problems  of  building  energy  plants  has 

been  the  t ransfer   of   design  technology  and  detai led  information  to   the 

"cons t ruc t ion  trailer". 'An unbel ievable  amount  of time is spen t   and   l o s t  

dur ing   cons t ruc t ion   in   f ind ing   and   s tudying   the   mass ive   s tack   of   d rawings   p ro-  

v ided   by   the   mi l l ions   o f  man hours  of  design time. I f   v i s u a l   d i s p l a y s   o f  

c o n s t r u c t i o n   d e t a i l ,   p a r t  numbers  and mater ia l s   could   be   ava i lab le  a t  a te rmina l  

i n   t h e   c o n s t r u c t i o n   s h a c k  by an IPAD sys t emr i t  is q u i t e   p o s s i b l e   t h a t   r e d u c t i o n  

of   construct ion  delays  could  save a l l  the  developmental   costs  of IPAD. 

> ?  

. ,  

Because  of time c o n s t r a i n t s ,   t h e   e v a l u a t i o n   r e p o r t e d   h e r e  had to   be  very 

s u p e r f i c i a l .  It is clear that   an  in-depth  s tudy  to   develop a p lan   €or   apply ing  

IPAD t o  a program of the  apparent  complexity  and  magnitude of t h e   p r o j e c t e d  

U. S. Energy  Program is a s u b s t a n t i a l   t a s k .  However, based  on  the  apparent 

future   needs  for   design  technology  and  the  promise  of  IPAD, as i d e n t i f i e d  

above, it is s t r o n g l y  recommended t h a t   t h i s   s t u d y   b e   i n i t i a t e d .   T h i s   p l a n   m u s t  

provide  both  for   developing  the  appropriate   analysis   modules   and  data   bases ,  

and for   encouraging  use  of   the   resul t ing  system by t h e   a f f e c t e d   i n d u s t r i e s .  
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CONCLUSIONS AND RECOMMENDATIONS 

On the   bas i s   o f   t he   p re l imina ry   s tudy   r epor t ed   he re ,  it w a s  concluded 
, 

t h a t  a s i g n i f i c a n t   p o t e n t i a l  may e x i s t   f o r   t h e   a p p l i c a t i o n   o f  IPAD t o   d e s i g n  

problems in   the  non-aerospace  sector ' .  However, because   o f   the   l imi ted   scope  

of t he   s tudy ,  no q u a n t i t a t i v e  estimate could  be made of t h e  amount of use 
tha t   might   be  made of IPAD b y ' t h i s   s e c t o r .  The  two i n d u s t r i e s  most l i k e l y  t o  
benef i t   f rom  appl ica t ion   of  IPAD are the   heavy   cons t ruc t ion   and   the   au tomot ive  

i n d u s t r i e s .  Many companies   bel ieved  to   be  involved  in   the  manufacture  of 
power generation  equipment,   such as engine   and   tu rb ine   manufac turers ,   and   the  

genera l  electrical  equipment   manufacturers   should  a lso  f ind IPAD t o  be usefu l .  

It i s  b e l i e v e d   t h a t   o t h e r   i n d u s t r i e s  w i l l  begin  to  implement IPAD i n  t h e   y e a r s  

a f t e r  i t s  development, as the i r   needs   and   des ign   technologies   requi re  it. 

Implementation  of IPAD i n t o   i n d i v i d u a l   c o m p a n i e s ,   p a r t i c u l a r l y   t h o s e   i n  

the   manufac tur ing   sec tor ,  w i l l  undoubtedly  take  place as an evolutionary process, 
t h a t  may span a per iod   of   years .   This  w i l l  be   necessa ry   t o   g ive   t he  company 

time to   evo lve   t he   o rgan iza t iona l   s t ruc tu re   and   t o   t ake  care of  any  personnel 

problems as t h e y   a r i s e .  It also is n e c e s s a r y   t o   g i v e   t h e  company time t o  

v a l i d a t e   t h e  economic Benef i t s   o f   each   face t   o f   the   des ign   au tomat ion   before  

it is adopted as an  Lperating  procedure.   Nevertheless,   having  the IPAD system 

as a p 'o ' t en t ia l   fu ture   goa l   for   p lanning   the   evolu t ion  of t he   des ign   func t ions  

is seen a&. k benefit  by  most  companies. 
. Lo-. I 

Two b r l e y   s t u d i e s  were ca r r i ed   by  Battelle as supplements   to   the  planned 

study.  These w e r e .  d i r e c t e d  a t  i n v e s t i g a t i n g   t h e   a p p l i c a b i l i t y  of IPAD to t h e  

U. S.  energy  probl&ms  and  to  urban  and  regional  planning  problems.  Both of 
t hese   s tud ie s   have '  YdGntif i e d  enormous p o t e n t i a l   o p p o r t u n i t i e s   f o r   u t i l i z a t i o n  

of IPAD. Problems w e r e  a l s o   i d e n t i f i e d   i n   t h e s e  areas wi th   regard  t o  obta in ing  

acceptance  of   the IPAD system. It appears   tha t   incorpora t ion   of  IPAD tech- 

no logy   i n to   ex i s t ing  company (or  government)  organizations  must  be a well-planned 

evolut ionary  process   spread  over  a period  of  years.  

Such a process ,   i f   begun now, would ga in   va luab le  time i n   a p p l y i n g   t h e  

IPAD bene f i t s   t o   w ide r   s ec to r s   o f   t he  U. S. community. It is, t h e r e f o r e ,  

recommended t h a t  NASA i n s t i t u t e  a program o r  programs  (possibly  in   cooperat ion 

wi th   o the r  Government a g e n c i e s )   t o   p l a n   f o r   a n d   b e g i n   t o  work f o r   t h e   a p p l i c a -  

t ion  of   automated  design  technology  in   non-aerospace  sectors   of   the  economy. 
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APPENDIX A 

REVIEW OF U. S. INDUSTRY BY STANDARD INDUSTRIAL CLASS (SIC) 

The Standard   Indus t r ia l   Class i f ica t ion   sys tem  was ,deve loped   to   p romote  

comparison  of statistics d e s c r i b i n g   v a r i o u s   f a c e t s   o f   ' t h e  economy o f   t he  

na t ion .  The SIC de f ines   i ndus t r i e s   i n   acco rdance   w i th   t he   compos i t ion   and  

s t r u c t u r e  of   the economy and  covers  the ent i re  f i e l d   o f  economic act ivi t ies .  

The SIC code   cons i s t s   o f   fou r   d ig i t s .  The f i r s t  two d i g i t s  are used  to  in- 
dicate   major   groups  and  the  second two d i g i t s  are used t o   d e f i n e   s p e c i f i c  

subgroups. The two-digit  major  groups are c l a s s i f i ed   unde r  11 d i v i s i o n s  as 

shown i n   T a b l e  A-1. This  Table was prepared  f rom  the  1972  Standard  Industr ia l  

C l a s s i f i c a t i o n  Manual[31 , which lists and   descr ibes  a l l  o f   t h e   i n d u s t r y  classes 

t h a t  were def ined a t  t h a t  time. 

A review was made of the   non-aerospace   sec tor   by   S tandard   Indus t r ia l  

classes to   i den t i fy   t ypes   o f   i ndus t r i e s   t ha t   migh t   be   ab le   t o   u se  IPAD t o  

enhance  their   business   operat ions.   Within  each  industry class, spec i f ic   indus-  

tries were s t u d i e d   t o  make an   eva lua t ion   o f   t he   poss ib i l i t y   . t ha t   such   i ndus t r i e s  

might   be  able   to   use IPAD. 

The f i r s t   s t e p   i n   d e t e r m i n i n g  which SIC groups  might  use kPm w a s  t o '  elimi- 

na te   those   g roups  most u n l i k e l y   t o   n e e d   t h e  IPAD s y s t e m .   T h i s   i n i t i a l  elimi- 

na t ion   process  w a s  based  on  the  study of  t h e   o c c u p a t i o n a l   d i s t F k u t i o n  by 

indus t ry   g iven   in   Reference  . T a b l e s   i n   t h i s   r e p o r t  l ist t h e  numbers of 

reported  employees  of  every  kind, employed  by var ious  indybiry  groups.  The 

most  meaningful  occupations  for  this  study were judged   t o   be   t he   fo l lowing :  

. _  . r  

r41 
> *  

* I  - G  

1. A r c h i t e c t  

2. Computer S p e c i a l i s t  

3 .  Aeronaut ical ,   Astronaut ical   Engineers  

4 .  Civi l   Engineers  

5. E l e c t r o n i c  and Electrical  Engineers 

6 .  Indus t r i a l   Eng inee r s  

7 .  Mechanical  Engineers 

8. Mathematicians 

9 .  Operations and Systems Research 

10. Tool Programmer, Numerical Control. 
32 



TABLE A-1." LISTING OF TWO-DIGIT MAJOR GROUPS  OF 
THE STANDARDS  INDUSTRIAL CLASS CODE 

Div is ion  A. A g r i c u l t u r e ,   f o r e s t r y ,  and f i s h i n g  
Major  Group 01. 
Major  Group 0 2 .  
Major  Group  07. 
Major  Group 08. 
Major  Group 09. 

Div is ion  B. Mining 
Major  Group 10. 
Major  Group 11. 
Major  Group 1 2 .  
Major  Group 13. 
Major  Group  14. 

Div is ion  C.  Construct ion 
Major  Group 1 5 .  

Major  Group  16. 

Major  Group  17. 

Div is ion  I,. F n u f a c t u r i n g  
' - >  Major  Group 2 0 .  

Agricul tural   product ion--crops 
Agricul tural   product ion-- l ivestock 
Agr i cu l tu ra l   s e rv i ces  
Fores t ry  
Fishing,  hunting,  and  trapping 

- ~- . " 

Metal mining 
Anthracite  mining 
Bituminous  coal  and  1ignit.e  mining 
O i l  and  gas   extract ion 
Mining  and  quarrying  of  nonmetall ic  minerals,  
excep t   fue l s  

Bui lding  construct ion--general   contractors  and 
ope ra t ive   bu i lde r s  
Construct ion  other   than  bui lding  construct ion--  
gene ra l   con t r ac to r s  
Cons t ruc t ion- -spec ia l   t rade   cont rac tors  

Food and  kindred  products 
: s t ~ M a j o r  Group  (21.. - TQhacco manufactures 

Major  Group 2 2 .  
Major  Group 23.  

Major  Group 2 4 .  
Major' &oup 2 5 .  
Major  Group  26. 
Major  Group  27. 
Major  Group 2 8 .  
Major  Group 2 9 .  
Major  Group 3 0 .  
Major  Group 3 1 .  
Major  Group 3 2 .  
Major  Group 3 3 .  
Major  Group 3 4 .  

Major  Group 3 5 .  
Major  Group 3 6 .  

Major  Group  37. 

/ I  

Textile m i l l  products  
Apparel   and  other   f inished  products  made from 
f a b r i c s  and similar materials 
Lumber and wood p roduc t s ,   excep t   fu rn i tu re  
Furn i tu re  and f i x t u r e s  
Paper  and a l l i e d   p r o d u c t s  
P r in t ing ,   pub l i sh ing ,  and a l l i e d   i n d u s t r i e s  
Chemicals  and a l l i e d   p r o d u c t s  
Pe t ro l eum  r e f in ing   and   r e l a t ed   i ndus t r i e s  
Rubber  and  miscellaneous  plastic  products 
Leather   and  leather   products  
S tone ,   c l ay ,   g l a s s ,  and  concrete  products 
Primary metal i n d u s t r i e s  
Fabricated metal products,   except  machinery and 
t ransportat ion  equipment  
Machinery,  except electrical  
Electrical and electronic  machinery,   equipment,  
and  supp 1 i e  s 
Transportation  equipment 
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TABLE A-1." LISTING OF TWO-DIGIT MAJOR GROUPS OF THE 
STANDARDS INDUSTRIAL CLASS CODE - Continued 

Major Group 3 8 .  Measuring,   analyzing,   and  control l ing  instru-  
ments;  photographic,  medical  and  optical  goods; 
watches  and  clocks . .  

Major Group 3 9 .  Miscel laneous  manufactur ing  industr ies  

Divis ion E. Transpor ta t ion ,  
s e r v i c e s  
Major Group 4 0 .  
Major Group 4 1 .  

Major Group 4 2 .  
Major Group 4 3 .  
Major Group 4 5 .  
Major Group 4 6 .  
Major Group 4 7 .  
Major Group 4 8 .  
Major Group 4 9 .  

communications, e lectr ic ,  gas ,   and   san i ta ry  

Ra i l road   t r anspor t a t ion  
Local   and  suburban  t ransi t   and  interurban high- 
way passenger   t ranspor ta t ion  
Motor f re ight   t ranspor ta t ion   and   warehous ing  
U .  S. P o s t a l  Service 
Transportat ion by a i r  
P i p e   l i n e s ,   e x c e p t   n a t u r a l   g a s  
Transpor ta t ion  services 
Communication 
E l e c t r i c ,   g a s ,   a n d   s a n i t a r y   s e r v i c e s  

Division  F.   Wholesale  trade 
Major Group 50. Wholesale  trade--durable  goods 
Major Group 51. Wholesale  trade"nondurab1.e  goods 

Divis ion G .  R e t a i l   t r a d e  
Major Group 5 2 .  

Major Group 5 3 .  
Major Group 5 4 .  
Major  Group 55. 
Major Group 5 6 .  
Major Group 57. 
Major Group 58. 
Major Group 5 9 .  

Building materials, hardware,  garden  supply, and 
mobile h0v.e .dealers.  , . ! ,1 i; I 
General   merchandiqe  .stores 1 ;  j 1 . 1 1  
Food s t o r e s  
Automot ive   dea le rs   and   gaso l ine lserv ice   s ta t ions  
Apparel   and  accessory  s tores  ) ,  

F u r n i t u r e ,  home f u r n i s h i n g s ,  and  equipment s t o r e s  
Eat ing  and  dr inking  places .  I . ; 

Miscellaneous r e t a i l  

Divis ion H.  Finance,   insurance,  and real  estate 
Major Group 6 0 .  Banking 
Major Group 61.   Credi t   agencies   other   than  banks 
Major Group 6 2 .  Secur i ty  and  commodity b r o k e r s ,   d e a l e r s ,  

exchanges,  and services 
Major Group 6 3 .  Insurance 
Major  Group 6 4 .  Insurance  agents ,   brokers ,  and service 
Major Group 6 5 .  Real es ta te  
Major Group 6 6 .  Combinations  of real  estate,  insurance,   loans,  

law  off   ices  
& j o r  Group 6 7 .  Holding  and  other   investment   off ices  

34 



TABLE A-1." LISTING OF TWO-DIGIT MAJOR GROUPS OF THE 
STANDARDS  INDUSTRIAL  CLASS CODE - Continued 

Divis ion I. Services 
Major  Group  70. 

Major  Group  72. 
Major Group  73. 
Major Group 75. 
Major  Group  76. 
Major  Group  78. 
Major  Group  79. 

Major  Group  80. 
Major Group 81. 
Major  Group  82. 
Major  Group  83. 
Major  Group  84. 

Major  Group  86. 
Major Group 88. 
Major  Group  89. 

Hotels,  rooming  houses,  camps,  and  other 
lodging   p laces  
Pe r sona l   s e rv i ces  
Business services 
Automotive  repair ,  services, and  garages 
Misce l laneous   repa i r  services 
Mot ion   p ic tures  
Amusement and   r ec rea t ion  services, except 
mot ion   p ic tures  
Health services 
Legal services 
Education services 
Socia l  services 
Museums, a r t  g a l l e r i e s ,   b o t a n i c a l  and zoological  
gardens 
Membership organiza t ions  
Pr iva te   households  
Miscellaneous services 

Divis ion  J. Publ ic   adminis t ra t ion  
Major  Group 91. Execut ive ,   l eg is la t ive ,   and   genera l   government ,  

Major  Group  92. J u s t i c e ,   p u b l i c   o r d e r ,   a n d   s a f e t y  
r .  Major Group 93. Publ ic   f inance,   taxat ion,   and  monetary  pol icy 

Major  Group  94. Administration  of human resources  programs 
Major Group 95. Adminis t ra t ion  of   environmental   qual i ty  and 

Major  Group 96. Administration  of economic  programs 
Major Group 97. N a t i o n a l   s e c u r i t y   a n d   i n t e r n a t i o n a l   a f f a i r s  

except   f inance  

housing  programs 

Divis ion K.  Nonclass i f iab le   es tab l i shments  
Major  Group  99.  Nonclassifiable  establishments 
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9. Operations  and  Systems  Research 

10.  Tool  Programmer,  Numerical  Control. 

A d e t a i l e d  breakdown  of   employees  by  industry  to   the  third SIC d i g i t  

was given  in[41.  A l ist showing t h e  numbers  of  employees i n   t h e   a b o v e   1 0  

c a t e g o r i e s  w a s  compiled  from t h i s   r e p o r t , a n d  i s  g i v e n   i n   T a b l e  A-2. 

Study of t h i s   t a b l e  shows t h a t  many of   the classes may eas i ly   be   e l imina ted  

on   t he   bas i s   o f   t he  small number o f   e n g i n e e r s   o r   s c i e n t i s t s   i n   t h e   g r o u p .  

Gene ra l ly ,   i f   t he  number  of i nc luded   eng inee r s   and   s c i en t i s t s   t o t a l ed  less 

than  10,000,  the  group w a s  de l e t ed .   In   each  case, the   occupat iona l   descr ip-  

t i o n   g i v e n   i n r 3 ]  was c h e c k e d   t o   v e r i f y   t h a t   t h e  IPAD system w a s  u n l i k e l y   t o  

b e   u s e d   i n   t h e   i n d u s t r y .   T h i s   i n i t i a l   e l i m i n a t i o n   p r o c e s s   r e s u l t e d   i n  24 SIC 

groups shown in   Tab le  A-3. 

Three  groups were r e t a i n e d   i n  which  there were less  than a t o t a l  of 

10 ,000   eng inee r s   and   o the r   t echn ica l   spec ia l i s t s   l i s t ed .  The Engine  and 

Turbine  group was re ta ined   because  i t  contained  the  major   s team  turbine manu- 

f a c t u r e s  (Babcock  and  Wilcox,  Combustion  Engineering,  and  Foster  Wheeler). 

The Farm Machinery  category was included  because  of   the  overlap  with  the con- 

s t ruc t ion   equ ipmen t   f i e ld .  The Household  Appliances  category was included 

s i n c e  i t  w a s  one of the   in i t ia l   g roups   s tud ied .   Four   g roups   (Ordinance ,  

E l e c t r o n i c  Computing,* A i r c r a f t  and Parts ,and  Col leges   and.   Universi t ies)  were 
i n c l u d e d   i n   t h i s   t a b l e   f o r   s t a t i s t i c a l   c o m p a r i s o n   w i t h   t h e   o t h e r   g r o u p s ,  

even  though  they were be l ieved   to   be   ou ts ide   the   scope  of the   s tudy .  

A comparison of Table A-3 with  Table A-1 shows t h a t   t h e  20 groups selected 

for   fur ther   s tudy  are   devoted  to   construct ion,   manufactur ing,   communicat ion,  

and bus iness   s e rv i ces .  This fur ther   s tudy   involved   the   eva lua t ion   of   the  

ac t iv i t ies  of each  group as d e f i n e d   i n   t h e  SIC Manual13]  and a s tudy  of   the 

a c t i v i t i e s  of   ind iv idua l   companies   in   cer ta in   o f   the   g roups .  The r e s u l t s  

o f   t h i s   eva lua t ion  w i l l  be   d i scussed   for   each  of t h e  20 indus t ry  classes. 

The study  of  individual  companies w a s  based  on  the  information  contained 

i n  Moody’s I n d u s t r i a l  Manual[”  and  on 1973  annual   reports   publ ished  by 

each company. A l a r g e   c u r r e n t   f i l e  of t h e s e   r e p o r t s  is  rout ine ly   main ta ined  

by B a t t e l l e  as pa r t   o f  i t s  indus t r i a l   marke t ing   ope ra t ions .  A l l  of t h e  

companies  discussed i n   t h i s  Appendix  had suppl ied Battelle with  1973  annual 

r epor t s   excep t   fo r   t hose   c losed   co rpora t ions   t ha t   do   no t   i s sue   annua l   r epor t s .  

* Computer des ign   and   manufac tu re ,   a l t hough   no t   spec i f i ca l ly   s tud ied   i n   t h i s  
survey, is bel ieved  t o  b e  a l i k e l y   c a n d i d a t e   f o r   u s e  of IPAD. 
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TtBLE 4-2.-  OCCUPATIONAL OIST~ZElJTION 81 INDUSTRY FOR SELECTEJ  PROFESSIONAL AND KINOREO YORUERS (19701 
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TAdLE d-2.- OCCUPITIONAL OISTSIbUTION 81 INOUSTRY FOR SELECTEJ PROFESSIONAL AND KINDPEO WORKERS (1970)-CONTINUE0 
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The l i s t i n g s   o f  1973 N e t  Sales   and R & D were obtained  f rom  the company annual 

reports  and  from a list prepared   for  Battelle by   Inves tor ' s  Management. 

Sciences  Inc.   For  closed  companies,   other  sources w e r e  mined (such as maga- 

z i n e   a r t i c l e s ) .  The r e s u l t s  of the  evaluat ion  of   the  industry  groups  and  of  

companies w i t h i n  certain of these   g roups  w i l l  be   descr ibed.  

Bui lding  Construct ion (SIC 1500) 

This   g roup   inc ludes   genera l   bu i ld ing   cont rac tors   and   opera t ive   bu i lders ,  

p r imar i ly   engaged   i n   t he   cons t ruc t ion   o f   r e s iden t i a l ,  f a r m ,  i n d u s t r i a l ,  commer- 

c ia l  o r   o the r   bu i ld ings .   Po ten t i a l   u se r s   o f  IPAD i n   t h i s   g r o u p  would inc lude  

pr imari ly   large  companies  who des ign   and   bu i ld   l a rge   indus t r ia l   o r   commerc ia l  

complexes. The two l a r g e s t  members of t h i s   g roup  are Turner  Construction  and 

Dan ie l   In t e rna t iona l   bo th   w i th  Sales of about $600 M. Almost  no company i n  

t h i s  group  reported  any  research  and  development   act ivi ty   in   e i ther  1972 or  1973. 

According to   t he   eva lua t ion   by  Ammann and  Whitney,   descr ibed  e lsewhere  in   this  

repor t ,   des ign   of   bu i ld ings  is a fa i r ly   s t ra ight - forward   procedure .  Much of 

the  design  procedure is now automated,  but i ts complexi t ies  are no t   g rea t  enough 

t o   r e q u i r e  IPAD. Therefore,  i t  is  be l i eved   t ha t   t h i s   g roup   r ep resen t s  a low 

p r o b a b i l i t y   f o r   u s e   o f  IPAD. 

Construction  Other  than  Buildings (SIC 1600) 

This   g roup   inc ludes   genera l   cont rac tors  engaged i n  heavy  construction 

such as h ighways ,   b r idges ,   a i rpo r t s ,   r a i l roads ,   l i gh t   and  power p l a n t s ,   o i l  

r e f i n e r i e s ,  and miscel laneous  types  of   construct ion  other   than  bui ldings.  I t  

is expected  that   construct ion  of   major  new plan ts   for   energy   convers ion   (coa l  

g a s i f i c a t i o n   o r   l i q u i f c a t i o n ,   e t c . )  would b e   c a r r i e d   o u t  by t h i s   g r o u p .  Most 

o f   t h e   l a r g e r   c o m p a n i e s   i n   t h i s   f i e l d   p r o v i d e   a r c h i t e c t u r a l  and des ign   s e rv i ces  

i n   a d d i t i o n   t o   c o n s t r u c t i o n   c o n t r a c t i n g .  However, i t  is not  unusual on many 

la rge   jobs   for   these   companies   to   engage   the  services of  a r c h i t e c t u r a l  and 

engineer ing   consul t ing   f i rms  i n  a d d i t i o n   t o   u s i n g   t h e i r  own s t a f f s .  It i s  t h i s  

group  of   companies   together   with  archi tects ,   engineers ,   and  other   technical  

s p e c i a l i s t s   t h a t  w i l l  p r o v i d e   t h e   b a s i c   t e c h n i c a l  know-how t o   b u i l d   t h e   e n e r g y  

f a c i l i t i e s   t h a t  w i l l  be   c rea ted   under   the  U. S. energy  program.  Those  firms 

tha t   p rov ide   a r ch i t ec tu ra l   and   eng inee r ing  services, but   do  not   provide con- 

s t r u c t i o n   c o n t r a c t i n g  services, are d e s c r i b e d   i n  a later s e c t i o n .  
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The Engineering News-Record l i s t e d   t h e   t o p  400 c o n s t r u c t i o n   c o n t r a c t o r s  

of  1973 i n  its i s sue   o f   Apr i l  11, 1974, 16] i n  terms o f   t h e   t o t a l  volume  of 

cons t ruc t ion   con t r ac t s  awarded each company. (This   f igure  includes  monies  

t o  be   pa id   to   subcont rac tors   and  , as such, is cons ide rab ly   l a rge r   t han   n i t  sales 

f o r   t h e  company.) On t h i s   b a s i s ,   t h e  two l a r g e s t   c o n t r a c t o r s  were Brown and 

Root   Inc.   (a   subsidiary  of   Hal l iburton Company),and Bechtel.  Ebasco Services, 

Inc. ,  a second  subs id ia ry   o f   the   Hal l ibur ton  Company w a s  l i s t e d   a s   f i f t h  

l a r g e s t   i n  terms of  1973  contracts  awarded. 

The Hal l ibur ton  Company 
(1973 Net Sales, $2131 M; R&D $12.22 M) 

This  company, through i ts  s u b s i d i a r i e s ,   p r o v i d e s   f o r  a broad l i n e  of  con- 

s t r u c t i o n  services, including  heavy  construction  of a l l  types,  highways, 

bu i ld ings ,   and   manufac tur ing   process   p lan ts .  The Brown and  Root Company w a s  

awarded a t o t a l  Of $4740 M in   cons t ruc t ion   cont rac t   awards .  t o  ton all firms 
i n   t h i s   ca t egory .   Ebasco   Se rv ices   Inc .  w a s  awarded con t r ac t s   t o t a l ing   $1 ,700  M. 
These  companies   provide  engineer ing  and  construct ion  services   for   industr ia l  

p lan ts   ( such  as r e f ine r i e s ,   pe t rochemica l  and pe t ro leum  fac i l i t i es ,   pu lp   and  

paper   mil ls)   and  for   other   heavy  construct ion,such as o f f - s h o r e   d r i l l i n g   p l a t -  

forms. Brown and  Root i s  managing con t r ac to r   fo r   cons t ruc t ion   o f   fou r   o f f - sho re  

p l a t fo rms   fo r   t he   Br i t i sh   Pe t ro l eum Company f o r   d r i l l i n g   i n   t h e   N o r t h  Sea o i l  

f i e l d s .  The f i r s t  o f   these  i s  a 475- foo t -h igh   s t ruc tu re   s t and ing   i n  416 f e e t  

of water. I n   a d d i t i o n ,  i t  has  designed  platforms f o r  t h i s   o i l   f i e l d   b e i n g  

b u i l t  by o the r   f i rms .  

This  three-company  group  provides  engineering-constructing  services  to 

t he   p ipe l ine ,   o i l -p roduc t ion   and   min ing   i ndus t r i e s ;   nuc lea r   and   t he rma l  power 

projects ;and  other   heavy  construct ion.  It is a c losed   corpora t ion  and, as 

Such,  need  not  report i t s  sales. Engineering News-Record e s t i m a t e s   t h a t  i t s  

cont rac t   awards   in   1973 were $3564 M. An e s t i m a t e   o f   t h e   n e t  sales o r   r e sea rch  

and  development  expenditure is  n o t   a v a i l a b l e .  

P ro jec t s   ca r r i ed   ou t   by   t he  company inc lude   t he   l og i s t i c s   s tudy   and  con- 

s t r u c t i o n  management of   the  Alaskan  pipel ine  and  design  of   pipel ine  systems 

42 



and  refineries  in  Russia.  It  is  involved  in  design-construction  efforts  for 
about 20 nuclear  power  plants.  It  is  currently  developing  plans  for  coal 
liquifaction  and  gasification  plants  provided  that  they  prove  feasible. It 
is  also  constructing  hotels.  However,  about 2/3 of  the  company's  work  is  in 
energy  related  fields  which  will  be  crucial  to  this  country's  future. 

Construction,  Special  Trades  (SIC  1700) 

This  group  includes  contractors  who  undertake  specialized  activities 
for  general  contractors,  performing  only  part  of  the  work  required  by the 
general  contractor.  Activities  include  Painting  and  decorating,  industrial 

machinery  and  equipment  installation.  Thus,  even  though  a  substantial  number 
of  engineers  are  employed  in  this  area,  it  is  not  believed  to  be  a  candidate 
for IPAD applications. 

Engines  and  Turbines  (SIC 3510) 

Establishments  in  this  group  engage  in  manufacturing  steam  turbines, 
hydraulic  turbines,  gas  turbines  (except  aircraft),  complete  steam,  gas,  and 
hydraulic  turbine  generator  set  units.  Major  companies  included  in  this 
group  are  Babcocik  and  Wilcox  Company,  Combustion  Engineering,  Inc.,  Foster 
Wheeler  Corporation,and  Westinghouse-Turbine  Division  (Westinghouse  Electric 
Company  is  described  under SIC 3600) .  This  manufacturing  category  involves 
complex  products  with  a  high  technology  orientation.  Therefore,  it 
that  these  manufacturers  could  have  a  significant  interest  in IPAD. 

is  believed 

Babcox & Wllcox  Company 
(1973 Net  Sales $1,063 M; R&D $21.0 M) 

This  company  makes  individually  engineered  complete  fossil-fuel  boilers, 
nuclear  steam  systems  and  nuclear  fuel  assemblies  for  electric  utilities  and 
marine  application,  as  well  as  fossil-fuel  boilers  for  industrial  processes 
and  for  industrial  processing  and  power  generators.  Steam\generating  equip- 
ment  includes  specially  engineered  accessories  and  components,  such as auto- 
matic  controls,  control  and  performance  computers,  heat  exchangers,  special 
control  valves,and  centrifugal  pumps. 
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Other  products  include  individually  engineered  computers  for  industrial 
processes,  individually  engineered  transfer  or  multistation  machines  and  a 
line  of  production tools (grinders,lathes,  etc.).  Babcox  and  Wilcox  h3s:partici- 
pated  in  developing  a  stack-gas  eleaning  process  and  has  designed  a  system 
for  burning  municipal  refuse  to  generate  steam,  one  of  which  is  in  operation. 

Combustion  Engineering , Inc . 
(1973  Net  Sales  $1,272 M; R6D $24  M) 

Combustion  Engineering's  power  systems  group  designs  and  manufacturers 
fossil  and  nuclear  fueled  steam  generating  systems  and  components,  nuclear 

fuel,  and  air-qualityzcontrol  systems  for  the  electric  utility  industry. It 
also  designs  and  makes  boilers  for  a  broad  range  of  industrial  customers, 

chemical-recovery  systems,and  steam  generating  equipment  for  Canadian  and  over- 

seas  markets. 
Combustion  Engineering's  engineering  group  is  made  up  almost  entirely  of 

scientists  and  engineers. It offers  design  engineering  and  construction  super- 
vision  services  for  the  petroleum,  petrochemical,  chemical,  and  other  process 

industries. 

Foster  Wheeler  Corporation 
(1973  Net  Sales  $540 M; R&D $4.0 M) 

This  company's  operations  consist  of  design,  manufacture,  sale  and 

installation  of  power  plant,  chemical  plant  and  oil  refinery  equipment,  and 
of  specially  engineered  industrial  apparatus.  Steam  power  plant  equipment 

is  made  for  industrial  plants,  public  utilities  and  commercial  installations. 
It provides  engineering  and  construction  for  process  plants,  including 

complete  oil  refineries,  substitute  natural  gas  plants,  lube  oil  processing, 
fertilizer,and  other  petrochemical  processing  plants.  In  this  activity  it 

purchases  most  of  the  equipment  and  materials  from  suppliers. 

Farm  and  Garden  Machinery  and  Equipment  (SIC  3520) 

These  establishments  engage  in  manufacturing  farm  machinery  and  equip- 
ment  (including  wheel  tractors)  for  use  in  planting  and  harvesting  of  crops, 
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preparing  crops  for  market,  or  for  use  in  performing  other  farm  operations 
and  processes.  In  addition  to  tractors,  equipment  includes  combines,  spraying 
machines,  and  haying  machines.  Companies  in  this  category  maintained  an 
average  of 2.8% of  total  1973  sales  for R & D. However,  as  illustrated  by 
the  Caterpillar  Tractor  Company  evaluation  described  elsewhere  in  this  report, 
the  analytical  design  technology  development  in  this  area  may  not  be  amemable 
as  yet  to  IPAD  utilization.  This  might  be  a  function  of  management  philosophy 
in  each  company  which  could  be  determined  through  interviews. 

One  of  the  largest  companies  in  this  category  is  the  Allis-Chalmers 
Corporation. 

Allis-Chalmers  Corporation 
(1973  Net  Sales $1166 M ;  R&D $35 M) 

This  company  manufactures  and  markets  a  full  line of farm  tractors  and 
related  implements,  combines,  and  engines.  It  manufactures  and  markets  cement 
processing  equipment,  and  a  variety of industrial  machinery,  pumps,  valves, 
and  other  nuclear  components.  It  manufactures  and  markets  crawlers,  wheel 
tractors,  graders,  scrapers,  and  related  equipment.  It  manufactures  and  markets 
lift  trucks  and  other  material-handling  devices.  It  manufactures  and  markets 
steam-turbine  generator  units  and  equipment,  in  part,  as  a  partner  with  Kraft-work 
Union  AG  of  West  Germany. 

Construction,  Mining  and  Materials  Handling 
Machinery  and  Equipment  (SIC 3530) 

Although  under  the  same  three  digit  SIC  code,  construction-equipment 
and  mining  equipment  manufacturers  will  be  discussed  separately  here.  (Materials- 
handling  equipment  includes  elevators,  conveyors,  etc.,and is not  believed  to 
be separately  a  subject  for  IPAD  application.) 

Construction  equipment  manufacturers  primarily  engage  in  making  heavy 
machinery,and  equipment  such  as  bulldozers,  concrete  mixers,  cranes,  dredging 
machinery  and  power  shovels.  This  group  averaged 2.8% of  sales  expended  on 
R&D in  1973.  Because  of  the  nature  of  the  product,  structural  design  is  an 
important  problem. The design  objectives  for  this  type of equipment  must  be 
strength  and  durability  and,  in  some  cases,  a  need  for  minimum-deformation- 
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structural  design  in  this  environment.  Structural  analysis  through  finite 
element  methods  is  an  important  tool  in  solving  such  design  problems. 

Two large  construction  equipment  manufacturers  are  Caterpillar  Tractor 
Company  and  FMC  Corporation. 

Caterpillar  Tractor  Company 
(1973 Net Sales $3182 El: R&D $122 MI 

This  compani  manufactures 274 models  of 24 
and  wheeled  tractors,  wheel  dozers,  tracked  and 

prime  products  such  as  tracked 
wheeled  loaders,  off-highway 

trucks  and  bulldozers. It makes  engines  for  itself  and  others.  Its  products 

are  used in agriculture,  construction,  logging,  mining,  petroleum,  industrial 
warehousing  and  public  service  markets.  This  company  was  chosen to make  an 
evaluation  of  IPAD.  The  results  of  its  study  are  reported  in  an  earlier 

section  of  this  report. 

FMC  Corporation 
(1973 Net  Sales $1719 M; R&D $43 M) 

Products  of  this  conglomerate  include  construction  and  mining  equipment, 
defense  equipment  ,and  environmental  equipment.  Specific  construction  equip- 
ment  includes  power  cranes,  shovels,  draglines,  and  coal-preparation  plants. 
Defense  products  include  tracked  personnel  carriers,  naval  ordnance  equipment, 
and  automated  guided-missle-launching  systems.  Environmental  equipment  includes 
pollution-control  equipment  for  municipal  and  industrial  water  treatment,and 

air-pollution  control  equipment. 

Oil  Field  Machinery  and  Equipment  (SIC 3533) 

Establishments  in  this  area  are  primarily  engaged  in  manufacturing 

machinery  and  equipment  for  use  in  oil  and  gas  fields.  This  includes  design 
and  manufacture  of  pipe-laying  equipment.  With  the  need  to  drill  at  increasing 
water  depths  on  the  continental  shelf,the  design  problems  for  such  equipment  are 

becoming  more  complex.  Many  of  the  companies  making  oil  field  equipment  are  also 
classified  under  the  heavy  construction  group  (SIC 1700). These  include  the 
-1liburton  Company  and  Bechtel,  which  were  discussed  earlier.  One  company 
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operating in the oil field  machinery  area  almost  exclusively  is  the J. Ray 
McDermott & Company,  Inc. 

J. Ray  McDermott & Co. , Inc . 
" (1973 Net  Sales $425 M; R&D $.81 M) 

This  company  provides  comprehensive  engineering,  fabricating  and  con- 

struction  services  to  industry  involved  in  offshore  drilling  for  gas  and 
oil. It produces  and  installs  offshore  drilling  rigs,  making  both  lay  barges 
and  jet  burying  barges.  It  maintains  a  fleet  of  heavy  marine  construction 
equipment. 

Metalworking  Machinery  (SIC 3540) 

This  category  includes  companies  primarily  engaged  in  manufacturing 
machines  that  shape  metal  by  cutting,  stamping,  pressing,  extruding,or  other 
means.  Design  objectives of these  machines  are  related  to  their  function 
with  an  emphasis  on  low  distortions  under  load.  The  more  complex  machine  tools 
are  produced  in  very  small  numbers  and  are  custom-made  to  order.  However,  they 
are  assembled  as  much  as  possible  from  standard  parts, so that  the  complex  design 
capabilities  to  be  provided  by  IPAD  are  not  considered  necessary  in  their  design. 

Although  such  companies  may  not  use  IPAD  to  design  their  machines,  it  is 

.. . . . >  

clear  that  this  industry  is  and  will  be  a  significant  factor  in  Computer  Aided 
Manufacturing  and  developing  Numerically  Controlled  Machines. As IPAD  is 
developed  and  used  in  design,  these  companies  will  probably  become  involved 
whenever  the  interface  is  developed  between  integrated  design  and  integrated 
manufacturing  activities. 

Two  machine  tool  companies  described  here  are  The  Sundstrand  Corporation 
and  the  Cincinnati  Milacron  Corporation. 

Sundstrand  Corporation 
(1973 Sales $383 M;  R&D $16 M) 



. .. . ” . . . 

Cincinnati-Milacron  Corporation 
(1973 Sales $370 M; R&D $11 M) 

This  company manufactures  machine  tools,  related  machinery  and  prod- 
ucts ,   including  mil l ing,   gr inding,   broaching,   and  dr i l l ing  machlnes ,   automated 

l ines ,   automated  and  process   control   systems,  metal working  presses ,   service 

pa r t s   and   accesso r i e s .  It makes a l ine   o f   p rocess   cont ro l   min icomputers  

which i t  uses   wi th  its computer   control led  machine  tools   or  sells sepa ra t e ly .  

Miscel laneous  Machinery  (Except   Electr ical)  
(SIC 3550,  3560,  3580,  3590) 

This combined ca tegory   inc ludes  a g r e a t   v a r i e t y   o f   s p e c i a l   i n d u s t r i a l  

equipment f o r   t e x t i l e   m a n u f a c t u r e ,  wood working,  paper  and  printing. It a l s o  

inc ludes   genera l   indus t r ia l   machinery   such   as  pumps, ba l l   bear ings ,   compressors  

and f a n s ,   r e f r i g e r a t i o n  and service  industry  machinery.   Apparently,  t h e  l a r g e  

number of   mechanical   engineers   reported  in   Table  A-3 f o r   t h i s   c a t e g o r y  is a 
r e s u l t  of   including a l a r g e  number of small companies  making a g r e a t   v a r i e t y  

of  products. It does   no t   appear   tha t   any   par t icu lar  area i n   t h i s   c a t e g o r y  

would c a l l  fo r   t he   app l i ca t ion   o f  IPAD. The two l a r g e s t  companies i n   t h i s  

group are Ingersol-Rand Company and USM Corporation. 

Inge r so l  Rand Company 
(1973 N e t  Sales $1038 M; R&D $39 M) 

This is  one of t h e   l a r g e s t  makers  of  non-electrical  machinery  products. 

It manufac tures   compressors ,   rock   dr i l l s ,   ho is t s ,   tu rb ines ,   bear ings ,  pumps, 

pneumatic d r i l l s ,   t u n n e l i n g  and  quarrying  machinery,  hand  held-tools,  pulp 

paper,and  plastic-forming  machinery. 

USM Corporat ion 
(1973 N e t  Sales $634 M ;  R&D $13 M) 

This  company makes an  extensive  l ine  of   shoe  machinery  and  re la ted 

par t s ,   machinery   for   rubber   and   p las t ic   p roducts ,  metal working  machinery 

fo r   mi l l i ng ,   bo r ing ,   g r ind ing ,   and   ex t rud ing  metals. It produces   indus t r ia l  
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adhesives,  sealants,and  coatings  and  an  extensive  line of blind  rivets  made 
of  various  metals. 

General  Electrical  Manufacturing  Companies  (SIC 3600) 

This  group  includes  three  large  conglomerate  makers  of  electrical  equip- 
ment:  General  Electric  Company,  Westinghouse  Electric  Company  and RCA 
Corporation. 

General  Electric  Company 
(1973  Sales  $11,575 M; R&D $330  M) 

This  company  is  the  leading  manufacturer of apparatus,  equipment, 
supplies  and  appliances  for  generation,  transmission,  utilization  and  control 
of  electrical  power.  Major  categories  of  business  products  are  consumer--appli- 
ances,  air  conditioners,  radio  and TV receivers  ,etc. ; power  equipment--gas 
turbines,  marine  turbines,  nuclear-power  reactors  and  fuel;  industrial  compo- 
nents--adjustable  constant  speed  drives,  batteries,  communications,  computer 
time  sharing,  medical  systems,etc.;  aerospace--aerospace  instruments,  aircraft 
jet  engines,  armament  systems,  flight  controls,  re-entry  systems;  product 
service--radar,  sonar,  and  space  -flight  systems. 

It maintains  research  and  development  laboratories  that  serve  the  entire 
company.  The  research  and  development  center  at  Schenectady,  New  York,  con- 
ducts  studies  across  most  technological  disciplines.  Other  laboratories  in- 
clude  aerospace  business  group  labs  at  Valley  Forge,  Pennsylvania,  and 
Electronics  Laboratory  at  Syracuse,  New  York.  With  a  major  involvement  in 
nuclear  and  non  nuclear  power-generation  equipment  and  turbines of all  kinds, 
it  would  appear  that  this  company  is  faced  with  many  complex  design  problems 
that  could  benefit  from IPAD. 

Westinghouse  Electric  Corporation 
(1973  Sales  $5702 M; R&D $146 M) 

The  company's  principal  activity  is  the  manufacture  and  sale of equip- 
ment  and  appliances  for  the  generation,  transmission,and  control of electri- 
city. It manufactures  and  sells  products  ranging  from  commercial  nuclear 
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power p l a n t s   t o  home appl iances .  It makes steam and  gas   tu rb ines ,  a l l  types 

of electrical equipment  used  by power companies,  nuclear  and  non-nuclear 

propuls ion   equipment   for   the  Navy and  marine  industry,  electrical and elec- 

tronic.instrumentation,and other   equipment   for   the   aerospace   indus t ry .  

It designs,  develops,  and  furnishes  nuclear-power-plant  equipment  and 

f u e l   f o r   t h e   g e n e r a t i o n   o f   e l e c t r i c i t y .  It i s  pr ime  cont rac tor   for   the   deve lop-  ' 

ment of   the  demonstrat ion  plant   for   the  Liquid  Metal   Fast   Breeder   Reactor .  It 

a l so   des igns  and  manufactures  offshore  nuclear power p l a n t s   i n  a j o i n t   v e n t u r e  

wi th  Tenneco Inc . 
The West inghouse  Central   Research  Laborator ies   in   Pi t tsburgh,   Pennsylvania ,  

conducts a broad  program  of  basic  and  applied  research,  advanced  development, 

and creative engineer ing   in   a reas   o f   p resent   and   fu ture   impor tance   to   the  

company. R e c e n t   r e s u l t s   o f   t h e s e   e f f o r t s   i n c l u d e   i n n o v a t i o n s   i n  water p u r i f i -  

c a t i o n ,   s o l i d - s t a t e  power condi t ioning,   e lectrochemical-energy  s torage.   Research 

i s  c a r r i e d   o u t   i n  materials, equipment ,   processes ,and  systems  of   t radi t ional  

i n t e r e s t   t o   t h e  company and i n  new technology  such as a i r -po l lu t ion   mon i to r s  

and con t ro l ,   coa l   p re t r ea tmen t   fo r   su l fu r   r emova l ,  high-power gas  lasers, and 

improved  waste-treatment  techniques, among o t h e r s .  

The RCA Corporation 
(1973 Sales $4246; R&D $104 M) 

... .. 

This company p ioneered   in   the   deve lopment   o f   rad io ,   b lack   and   whi te   and  

co lor   t e lev is ion ,and   a l l ied   p roducts .  It manufac tures   and   d i s t r ibu tes  a l l  

types  of consumer  and  commercial   electronic  systems.  Subsidiaries  include 

the   Nat iona l   Broadcas t ing  Company. For  space,   defense,and  other Government 

bus iness ,   the  company designs,   develops,and  manufactures a v a r i e t y  of m i l i t a r y  

and space   e lec t ronics   equipment   for  U. S.  defense  and space programs.  Products 

inc lude   rad io   p roducts  and  systems,  transmission  systems,  electronic  warfare 

systems, command and c o n t r o l   s y s t e m s ,   a v i o n i c s   i n t e g r a t i o n ,   s p a c e   d a t a  and 

guidance ,   aeronaut ica l  and n a v i g a t i o n a l   s a t e l l i t e s ,  and many o t h e r s .  

The Company conducts   substant ia l   amounts  of b a s i c   r e s e a r c h   i n   e l e c t r o n i c s ,  

physics ,   chemistry,   opt ics ,   metal lurgy,and quantum e l e c t r o n i c s .  It has  engaged 

i n  development  programs  for new techniques  of image pickup,s torage,and  display.  

Subs tan t ia l   research  ac t iv i t ies  are a l so   devo ted   t o  lasers and  holography 

and new s o l i d - s t a t e   d e v i c e s   f o r   u s e   s e p a r a t e l y   o r   i n   i n t e g r a t e d   C i r c u i t s .  
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Household Appliances (SIC  3630) 

Establishments in this group are primarily  engaged in manufacturing 

household equipment.for cooking, regrigeration,  and  laundry, as well as makiw 
other  electric housewares and  fans. None of this equipment approaches the 

complexity  of industrial machinery. This is reflected in the small number 
of engineers  employed in this field as shown in Table A-3. 

The Whirlpool Corporation was chosen from this category  to evaluate 

IPAD on the basis that while home.appliances represented a minimum design 

complexity for possible application of  IPAD,  it might be useful in designing 
for this  highly  competetive, consumer oriented  market.  A  detailed report of 
the conclusions reached by Whirlpool Corporation are presented in another 

section of this report. 

Whirlpool  Corporation 
(1973  Net Sales  $1636 M; R&D $27 M) 

commerci .a1 pr This company manufactures major home appliances, some ducts, 

and residential products featuring central air conditioners and  furnaces.  It 
markets gas and laundery  equipment,  gas  and  electric  ranges,  refrigerators, 
a,ir conditioners,  furnaces,and  other appliances under  its own brand  name. 
Many appliances are made for the  Kenmore  and  Coldspot  brand names sold  by 

Sears  such as gas and electric  laundry  equipment, trash compactors, vacuum 
cleaners,  refrigerators,  freezers,  air  conditioners,and  dehumidifiers. 

The Singer Company 
$2527 M; R&D $36 M) 

Approximately 59%  of this company's 1973 sales was sewing  machines. 

Other  consumer products include furniture,  power  tools, floor care,and home- 
knitting  machines. It also markets gas metering and control systems for the 
natural gas industry.  About 10% of its 1973 sales or $253 M was in information 
systems and aerospace electronics. It markets computers and  point-of-sale 
equipment. Aerospace products include Doppler navigation equipment,  a/d con- 
verters,  stellar-inertial guidance systems and  others. 
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Radio  and  T.V.  Communications  Manufacturing 
(SIC 3650,  3660) 

As reported  in  Table A-3, no  distinction  was  made  between  radio  and TV 
receiver  manufacturers  and  makers  of  communication  equipment.  The  bulk  of 
engineers  in  this  category  are  electronic  as  would  be  expected.  However,  a 
significant  number  of  computer  specialists  as  well  as  mechanical  engineers 
were  included.  The  principal  areas  of  interest  with  regard  to  IPAD  applica- 
bility  is  the  communications  equipment  manufacture.  This  may  be  wire  telephone 
and  telegraph  equipment,or  radio  or  television  transmitting,  signaling,or 
detection  equipment. 

Telephone  and  telegraph  apparatus  includes  all  central  station  switching 

equipment  in  addition  to  telephones,  teletypewriters,and  other  simple  equipment. 
The  largest  manufacturer  of  telephone  equipment  is  the  Western  Electric  Corpora- 
tion  as  a  subsidiary  of A. T. & T.  It's 1973 Sales  were $6551M and  R&D  was 
$560 M. Research  by  this  company  in  switching  equipment  and  computers  has 

been  well-publicized.  However,  it  is  not  possible  to  decide  whether  the IPAD 

system  would  be  useful  in  this  area. 
The  electronic  communication  equipment  manufacturers,  in  addition  to  radio 

and TV broadcasting  equipment,  make  electronic-field  detection  devices,  light- 
and  heat-emission-operating  apparatus,  object-detection  devices,  navigational 
electronic  equipment,  and  aircraft-and  missile-control  systems.  Complexity  of 
avionics  systems  and  variety  of  performance  trade-offs  in  electronics  systems 
makes  design  problems  for  such  systems  an  interesting  candidate  for  IPAD 

applications. 
Two companies  making  electronic  systems  are  E-Systems  Inc.  and  Collins 

Radio.  Other  companies  making  such  devices  include  the  companies  in  SIC 3600 

described  earlier. 

E-Systems  Inc . 
(1973 Net  Sales $166 M; R&D $3 M) 

E-Systems  developed  from LTV Electrosystems  Inc.  when  it  was  divested 

from LTV Corporation  in 1972. The  company  is  primarily  engaged  in  design, 

development,  production,and  servicing  electronic  systems  and  products  for 

Department  of  Defense, NASA, and  other Gwernment agencies,  general  industry, 
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and foreign  governments.   Products and services inc lude   e lec t ronic   sys tems,  

subsystems  components  and  equipment.  These are used   to   car ry   ou t   reconnaissance ,  

s u r v e i l l a n c e  ,and i n t e l l i g e n c e ;  command, c o n t r o l  ,and  communications functions; and. 

navigation  guidance and c o n t r o l .  

- C o l l i n s  "- Radio ~ ~~ Co.(Subsidiary  of  Rockwell  International) 
( S a l e s   f i g u r e s   n o t   a v a i l a b l e )  

Collins  Radio  designs,   manufactures,  and services e l e c t r o n i c  communica- 

tions  systems  and  equipment  used  in  government,  commercial  and  business 

av ia t ion .   Pr inc ipa l   marke t   for   Col l ins   p roducts   inc lude   av ionics ,   govern-  

ment telecommunications,  microwave,  and  communications  switching. 

Motor Vehicles  and  Motor  Vehicle  Equipment (SIC 3710) 

This  group  includes  manufacturers  of  motor  vehicles,   including  passenger 

cars, t r u c k s ,  and buses.  It also  includes  makers  of  truck and  bus  bodies 

and a l l  r e l a t e d   p a r t s  and   accessor ies .   Outs ide   o f   the   a i rc raf t   indus t ry ,  i t  

would appear   tha t   the   au tomobi le   indus t ry  w i l l  be  t he   i ndus t ry  most a b l e   t o  

make use  of   the  IPAD c a p a b i l i t y .   T h i s  is based  on a number of  observations:  

(1) the   eva lua t ion  of IPAD a p p l i c a b i l i t y  by  Ford  Motor Company, (2)  General 

Motors   has   been  developing  and  successful ly   using  an  integrated  design  sys-  

tem, (3 )  the   big- three  automobile   manufacturers   invested  four  times more i n  

R&D ($2012 M) i n  1973  than  the 9 l a r g e s t   a i r c r a f t  companies  combined*  ($510 M). 

Moreover,   the  automobile  industry had a higher  R&D a s  a percent   of   sales   than 

any a i r c r a f t  company except   for   Uni ted   Ai rcraf t   Corpora t ion .   Cur ious ly ,   the  

number of   engineers  and technica l   personnel  shown i n   T a b l e  A-3 f o r   t h e   a u t o -  

motive area is  less t h a n   1 1 3   t h a t   o f   t h e   a i r c r a f t   i n d u s t r y .  

- 

* Boeing,  General D y n a m i c s ,  Grumman, Lockheed,  Martin Marietta, McDonnel-Douglas, 
Nor throp ,   Rockwel l   In te rna t iona l ,   Uni ted   Ai rcraf t   Corpora t ion .  
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General  Motors  Corporation 
(1973 N e t  S a l e s  $35798 M; R&D $945 M) 

This is the  worlds   largest   automobile   manufactur ing company. It p r i -  

mari ly   engages  in   manufacture ,   assembly, ,and  dis t r ibut ion of motor-driven 

p roduc t s   fo r   t he   t r anspor t a t ion   marke t .  Through var ious   d iv is ions   and   sub-  

s i d i a r i e s ,  i t  makes automotive  products ,   consis t ing  of   passenger  cars, t r u c k s ,  

and  coaches  and  major  components  for  these, as w e l l  as p a r t s  and accessor ies .  

It a l s o  makes substantial   amounts  of  components  and  accessories  sold  to 

other   manufacturers   of   automobiles ,   t rucks,   and  coaches.  

r" 

General  Motors is a l a r g e  maker o f   d i e se l   eng ines   fo r   t rucks ,   cons t ruc -  

tion,  lumbering,  mining,and  petroleum  equipment. It makes g a s   t u r b i n e s   f o r  

m i l i t a r y  and  commercial a i r c r a f t ,  and i n d u s t r i a l   g a s   t u r b i n e s   f o r  electric- 

i ty   genera t ion ,   cons t ruc t ion   equipment ,   mar ine ,and   t ranspor ta t ion   appl ica t ions .  

General  Motors  conducts  research  and  development a t  i t s  t e c h n i c a l   c e n t e r  

a t  Warren,  Michigan.  Research is directed  toward  improving  product  l ine.  

Signif icant   recent   research  has   been  directed  toward  meet ing  emission  s tandards 

and  improving power p l a n t   e f f i c i e n c y .  A subs tan t ia l   inves tment   has   been  made 

i n  development   of   the   rotary  engine.  

The company began  research  into  computer-aided  design  in   the l a t e  1950's 

and e a r l y   1 9 6 0 ' ~ ~  and has  developed  an  integrated  design  program  with  sub- 

s t a n t i a l   g r a p h i c s   c a p a b i l i t y .  It has  been  demonstrated  that   the  system 

g r e a t l y   i n c r e a s e d   t h e   p r o d u c t i v i t y   o f   t h e   d e s i g n e r .  ['" However, an  exceedingly 

important   lesson w a s  learned  that   the  development  and  implementation of auto- 

mated design  methods  must  be  painstakingly  planned  and  carried  out.  

way i n  which  the new technology i s  introduced  into  the  design  environment ,  

may spe l l   t he   d i f f e rence   be tween   success   and   f a i lu re   o f   an  IPAD implementation. 

[ 7 1  

c.9 1 The 

The Ford  Motor Company 
(1973 Net Sales $23,015 M; R&D $826 M) 

This  is the  second  ranking  manufacturer   of   automobiles .   In   addi t ion  to  

i t s  l i n e  of  automobiles, i t  manufactures   wheel- type  t ractors ,   farm  equip-  

ment, home appl iances ,   and   e lec t ronics   equipment .  However, the  manufacture,  

assembly  and sale of cars, t rucks , and   r e l a t ed   pa r t s   and   accesso r i e s   cons t i t u t ed  

91% of i t s  sales volume i n  1973. 
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The  company  is  highly  integrated  in  that  it  produces  substantial  portions 
of  the  steel  and  iron  required  in  its  manufacturing  operations. It manufac- 
tures  all  of  its  requirements  for  gasoline  engines,  most  of  its  glass,  most of 

its  transmissions,  body  st.ampings,  trim  sets,  frames,  radiators,and  other  parts 
and  accessories. 

The  Ford  Motor  Company  conducts  research  and  development  at its Dearborn 
research  center,  primarily  directed  toward  improvement  of  its  products  and 
development  of  new  products. 'In 1973, Ford  invested a larger  percent of sales 
in  R&D  than  any  other  American  automotive  manufacturer.  This is  one'of the 
companies  selected  to  conduct  an  evaluation  of IPAD applicability.  The  results 
of  this  evaluation  is  described  in  an  earlier  section  of  this  report. 

c 1 

The  Chrysler  Corporation 
- "_ (1973 - Net " Sales $11,774 M; R&D $247 M) 

The  Chrysler  Corporation  is  the  smallest  of  the  "Big  Three"  in  terms  of 
sales  and  R&D  investment.  Like GM and Ford,  the  bulk  of  Chrysler's  business is  
in  manufacture  of  automobiles,  trucks,  parts  and  accessories.  However, it also 
makes  tractors,  outboard  motors,  air  conditioning  and  heating  equipment,  and 
defense-space  products,  including  tracked  and  wheeled  vehicles  and  space 
boosters. 

As  with  other  automotive  manufacturers,  R&D  is  being  directed  toward 
achieving  better  fuel  economy  through  trying  to  develop  lighter  structures  by 
design  and  use  of  lightweight  metal  substitutes  Ca.luminum,  magnesium,  plastics). 
They  also  are  designing  for  lower  wind  resistance  and  friction. 

A considerable  effort  is  being  expended  in  research  on  emission  controls, 
on  stratified-charge  engines,and  on  other  types of engine  designs. 

American  Motors  Corporation 
~~ (1973 Net  Sales $1739 M; R&D $33 M) 

Although small by  automotive  standards,  AMC  is  still a very  large. 
corporation,  with  sales  and  R&D  expenditures  larger  than  all  but  five of the 
aerospace  companies.  Thus,  it is still a viable  candidate  to  consider  applica- 
tion  of IPAD. The  company's  product  is  virtually  all  in  automobiles  and 
motorized  vehicles,  parts,and  accessories,  although  it  has a subsidiary  making 
injection  molded  plastic  parts  for  non-automotive  applications. 
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As t h e  smallest of  the  major  automotive  manufacturers,  AMC h a s   t r i e d   t o  

grow  by  responding  more  quickly  to   the  changes  in   the  automobile   market   than 

its l a rge r   compe t i to r s .  Thus i t  c o u l d   b e   q u i t e   i n t e r e s t e d   i n   u t i l i z i n g  

in t eg ra t ed   des ign   p rog rams   t o   fu r the r   r educe  its response time. Balancing 

t h i s  fact  would b e   t h e  smaller r e s o u r c e s   t h a t  it would h a v e   t o   i n v e s t   i n  

developing  such a system. 

I n t e r n a t i o n a l  Harvester Company 
(1973 Net Sales $1192 M; R&D $110 M) 

The company is a leading  producer of farm  machinery  and  tractors as well 

as of motor  trucks  and  construction  equipment.  Its p r inc ipa l   p roduc t s   i nc lude  

motor  trucks and se rv ice   pa r t s ,   ag r i cu l tu ra l   imp lemen t s ,   whee l - type   t r ac to r s ,  

crawler t rac tors ,and   a l l ied   cons t ruc t ion   equipment ,   p ig   i ron   and  s teel  products .  

Its Solar   Div is ion   produces   gas   tu rb ine   engines   for  electric power genera t ion  

and  other   uses ,  and  components f o r   a i r c r a f t  and missiles. 

, I t s r e s e a r c h  and  development a c t i v i t i e s   i n c l u d e   p r o d u c t  improvement  and 

new product  development. It is  conduct ing   s ign i f icant   research   in   deve lopment  

of gas   tu rb ines .  

Ship  and  Boat  Building  and  Repair (SIC 3730) 

This  group  includes  companies  primarily  engaged  in  building and r e p a i r i n g  

a l l  types  of   ships ,   barges   and  boats .  A s  shown i n   T a b l e  A-3, t h i s   g roup   i n -  

c luded  near ly  12,000 engineers  and technica l   workers ,   p r imar i ly   mechanica l  

e l e c t r o n i c  and indus t r i a l   eng inee r s .   Des ign   o f   sh ip   s t ruc tu res  is  c l e a r l y  

very  complex  and  could  benefit   from  integrated  design  programs.  This is 

recognized  by  the  Naval  Ship  Research  and  Development  Center,  which is develop- 

i n g   t h e  COMRADE System. It would seem tha t   t h i s   sys t em  cou ld   be   u sed   fo r  

design  of a l l  varieties of   ships   once i t  is developed. It i s  no t   poss ib l e  

to   de t e rmine  a t  t h i s  time whether i t  would be   u se fu l   t o   i nco rpora t e   t he  vari- 

ous  analysis   modules   and  the  data   bases   being  developed  into  an IPAD system 

f o r   s h i p   d e s i g n .  
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Telephone  Communications (Wire and  Radio) (SIC 4810) 

This   ca tegory   inc ludes   u t i l i t i es   furn ish ing   po in t - to-poin t   communica t ion  

services by  telephone.  Since  manufacture of telephones and switching  equip- 

ment w a s  covered i n  SIC group  3650,  category 4810 app l i e s   t o   p rov id ing  ser- 

vices t o   t h e   u s e r .   I n   t h i s  area, American  Telephone  and  Telegraph Company 

has  a dominant   posi t ion  with  1973  sales   of  $23,527 M and R&D of $170 M. Western 

Electric is the  manufactur ing  subsidiary  of  AT&T and f u r n i s h e s   e s s e n t i a l l y  a l l  

of i ts  equipment. Its ac t iv i t ies  were d e s c r i b e d   e a r l i e r .  The second  la rges t  

American telephone company is General  Telephone  and  Electronics  with 1973 

sales of $5105 M and R&D of  $95 M. About ha l f  of t h i s  was telephone  opera- 

t ions .   There  are a number of smaller telephone  companies  with  revenues 

ranging  from  $15 M t o  $2000 M. 
In   p rovid ing   in te rconnec t ion  service t o   m i l l i o n s  of customers ,   the  ._ 

American  telephone  system  must  solve  enormously  complex  systems  problems. 

The telephone  companies  have  developed  specialized  computer-:ontrolled  switching 

devices,   systems-control  computers,and  dataLbase  storage  techniques  in  pro- 

v i d i n g   t h i s  service. With  such  systems i n   p l a c e  and  growing,  these  companies 

may not   have  any  need  for   the IPAD system,  which i s  not   be ing   d i rec ted  

toward   the i r   spec i f ic   needs .  

E lec t r i c   Se rv ices  (SIC 4910) 

This   category  includes  es tabl ishments  engaged in   t he   gene ra t ion ,   t r ans -  

mis s ion   and /o r   d i s t r ibu t ion  of e l e c t r i c i t y .  A s  shown by Table A-3 those 

electric i n d u s t r i e s  employ a s u b s t a n t i a l  number of engineers ,  of which  e lectro-  

engineers  are the   l a rges t   g roup .   In   the   p roblem  of   p rovid ing   se rv ice   to  

cus tomers   wi th   ex is t ing   capac i ty ,   the  e lectr ic  u t i l i t i e s   a r e   i n  somewhat t h e  Same 

p o s i t i o n  as the  te lephone  companies   in   that   they  have  developed  special ized 

equipment  and  procedures  for  taking care of  their   problems. However, t h e  

electric companies   mus t   bu i ld   the   capac i ty   to   genera te   the   e lec t r ic i ty   tha t  

they  provide.   For   the  most   par t ,  a company w i l l  have a gene ra t ing   p l an t  

b u i l t  by   cont rac tors   o f  SIC 1600 class. It may be,  however, t h a t  some companies 

might   f ind  an IPAD sys tem  usefu l   for   conduct ing   pre l iminary   des ign   s tud ies .  

P e r h a p s   t h e   b e s t   c o n t a c t   f o r   t h e  e lectr ic  i n d u s t r y  i s  t h e  Electric Power 

Resea rch   In s t i t u t e ,  a t  Palo  Alto,   Cal i fornia ,   which w a s  r e c e r t l y   e s t a b l i s h e d  
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to  conduct  research  into  industry  problems  for  the  entire  electric  power 

industry. 

Computer  and  Data  Processing  Services  (SIC 7370) 

This  group  includes  establishments  engaged  in  providing  services  in  com- 
puter  programming,  systems  design  and  analysis,  and  other  computer  software. 
Companies  in  this  group  may  become  an  important  element of the  non-aerospace 
application  of  IPAD,  since  they  can  provide  computer-related  technology  that 
a  company  may  be  lacking  in  trying  to  apply  IPAD. A number of companies  in 
this  group  specialize  in  data  base  technology,  which  is  an  important  part  of 

IPAD system  applications. 
Most  companies  in  this  category  are  quite  small  (annual  sales of under 

$50 M) and  would  probably  not  be  capable  of  developing  an  IPAD  applications 
package  except  under  contract  to  a  user  organization.  The  largest  organiza- 
tion  in  this  group i s  the  Computer  Sciences  Corporation. 

Computer  Sciences  Corporation 
(1973 Net  Sales  $147 M; R&D $2.22 M) 

This  company  provides,  principally  on  a  contractual  basis,  a  wide 
range  of  services  utilizing  its  capabilities  in  analysis,  design  and  imple- 
mentation of computer  and  communications  systems.  Its  services  include 
design  of  software  systems,  translation of complex  scientific  and  engineering 
problems  into  forms  suitable  for  solution  by  computer,  design of data  systems 
for  scientific  applications,and  development of mathematical  models  and  manage- 

ment  information  systems. 
The  company  offers  high-level  engineering  services  in  the  design  of  con- 

ventional  and  satellite  communications  services. It provides  consulting 
services  in  fields  of  environmental  sciences,  regional  planning,  oceanography, 
and  geophysics  management. It develops  proprietary  computer  based  products 
and  services  for  marketing  to  industry.  These  range  from  packaged  computer 
applications  programs  to INFONET, a  nationwide  remote  computing  system  for 

information  processing  and  scientific  computation. 
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Business Management Consul t ing (SIC 7392) 

This   ca tegory   inc ludes   es tab l i shments   p rovid ing  a v a r i e t y  of gene ra l  

o r   s p e c i a l i z e d  management c o n s u l t i n g   o r   p u b l i c   r e l a t i o n s  services on a con- 

tract o r   f e e   b a s i s .  It does   no t   inc lude   profess iona l   des ign   and   re la ted  

consul tan t   engineer ing  (SIC 8910) or   computer-related  services  (SIC 7370). 
Examples  of t he   t ypes  of a c t i v i t i e s   i n c l u d e d   i n   t h i s  rgroup are bus iness  

ana lys i s ,   bus iness   economics ,   c i ty   p lanners   except   for   p rofess iona l   engineers ,  

e f f i c i ency   expe r t s ,   l obby i s t s ,   marke t   ana lys i s ,   ope ra t ions   r e sea rch   ( excep t  

f o r  computer   systems)   and  opinion  research.   Except   for   c i ty   planning,   these 

activit ies are judged  to   be  low-probabi l i ty   users   of  IPAD technology. The 

p o s s i b l e   u s e  of IPAD i n  urban  and  regional  planning is discussed  e lswhere i n  
t h i s   r e p o r t .  

Research,  Development,and  Testing  Laboratories (SIC 7391, 7397) 

These  categories   include  es tabl ishments   engaged  in   research  and  develop-  

ment o r   t e s t i n g   o n  a c o n t r a c t   o r  fee b a s i s .  as i n   t h e  case of  companies 

providing  computer  and  data  processing  services,   companies i n  t h i s   g r o u p ,   f o r  

t h e  most p a r t ,  do n o t   h a v e   s u f f i c i e n t   r e s o u r c e s   t o   d e v e l o p  IPAD a p p l i c a t i o n s  

systems  on  their  own. However, they w i l l  provide a v i t a l   i n t e r f a c e   t o   t h e  

i n d u s t r i a l  community in   he lp ing   deve lop   app l i ca t ions  packaged  under  contract 

t o   i n d u s t r i a l   u s e r s .  

The l a r g e s t  company i n   t h i s  group is the  Planning  Research  Corporation. 

Planning  Research  Corporation 
(1973 N e t  Sa l e s  $98 M; R&D $.04 M) 

This company provides  a v a r i e t y   o f   s e r v i c e s   t o   i n d u s t r y  and  government 

on a c o n t r a c t   b a s i s .  Somewhat over  half   of i ts revenues  derived  from  work 

f o r  commercial c l ients .   Approximately 39 percent  of i ts a c t i v i t i e s  were i n  
sys tems  ana lys i s   and   da ta   p rocess ing ,  19 p e r c e n t   i n  management consu l t ing  

and  market  research,  and 42 percent  i n  planning,   archi tecture ,and  engineer ing.  

It performs  the  design  engineer ing  funct ion a t  Kennedy  Space  Center f o r   t h e  

space  shut t le   program  and  other   launch  missions.  A p a r t i a l  list of it.8 
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act ivi t ies  inc ludes   the   fo l lowing:  It i s  developing a computer ized  regulatory 

informat ion   sys tem  for   the   Federa l  Power Commission. It i s  p repa r ing   spec i f i -  

c a t i o n s   a n d   f i n a l   d e s i g n   p l a n s   f o r   t h e   I r a n i a n   P o r t   o f  Bandor  Abbas on   the  

Pers ian   Gul f ,   p rovid ing   des ign   and   cons t ruc t ion  management of a crude-oi l  

t e rmina l  a t  the   Por t   o f   Rot te rdam,and  superv is ing   cons t ruc t ion   of   o f f - shore  

t e r m i n a l s   f o r  o i l  t a n k e r s   i n   I r a n ,  Canada,  and  the Bahamas. It is providing 

ocean  engineer ing,   design  and  tes t ing  of  a mammouth breakwater   for   the  New 

Je r sey   Pub l i c   Se rv ice  Electric and Gas company's  proposed f l o a t i n g   n u c l e a r  

power p l a n t .  It is conducting a planning  study  of  the  Sacremento,  San 

Francisco Bay Area travel c o r r i d o r .  It is ass i s t ing   Federa l   agencies   and  a 

number of c i t i e s  in   s tud ie s   r e l a t ing   t o   env i ronmen ta l   p ro t ec t ion ,   u rban   and  

regional   t ransportat ion, ,and/or   energy  use  and  conversion.  

Engineering  and  Architecture  Services (SIC 8910) 

This   ca tegory   inc ludes   those   es tab l i shments   tha t   p r imar i ly   p rovide  ser- 

vices of a p r o f e s s i o n a l   n a t u r e   i n   t h e   f i e l d s  of  engineering and a r c h i t e c t u r e .  

Many o t h e r   e s t a b l i s h m e n t s   t h a t   c a r r y   o u t   e n g i n e e r i n g   a n d   d e s i g n   a c t i v i t i e s  

as a p a r t   o f   t h e i r   c o n s t r u c t i o n   o f   m a n u f a c t u r i n g   a c t i v i t i e s  are descr ibed 

under   other   categories .   These  include  the SIC 1500  construct ion  f i rms,  steam, 

gas  and hydrau l i c   t u rb ine   f i rms  (SIC 3510),  and  the o i l   f i e l d   m a c h i n e r y  and 

equipment  firms (SIC 3533) .   In   con t r a s t   t o   t hese   f i rms ,  some of  which  have 

t o t a l   a n n u a l  sales o f   one   b i l l i on   do l l a r s   o r   more ,   f i rms   p rov id ing   exc lus ive ly  

AE services are much smaller, w i th   on ly   t h ree   f i rms   r epor t ing  more than  $50 M 

sales. N e v e r t h e l e s s ,   t o t a l   r e p o r t e d   d e s i g n   b i l l i n g s  were $2.5 b i l l i o n   f o r  

1973. [ lo1 

The l a r g e s t   f i r m   i n  terms of t o t a l  1973   b i l l i ngs   appa ren t ly  w a s  t h e  

Gilbert/Commonwealth  Companies  and  Sargent  and Lundy Corporation. The Ammann 

Company was one  of  the  companies  chosen  to make eva lua t ions  of t h e  IPAD 

system. 
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Gilbert/Commonwealth ~~ Companies 

This  a p r i v a t e l y  owned company and so does   no t   r epor t  i ts earnings.  It 

w a s  estimated  by  Engineering News Record t h a t   G i l b e r t ' s  1973 annual 

b i l l i n g s  were somewhat i n  excess of $50 M. Gilbert   provides  engineering  and 

a r c h i t e c t u r e   s e r v i c e s   f o r  a v a r i e t y  of f i e l d s   s u c h  as nuclear  and  fOSSil-fueled 

power p lan ts ,   energy- t ranspor t   sys tems, indus t r ia l   p rocesses ,and   munic ipa l  

environmental  systems. 

Ammann and  Whitney 

The Annnann and  Whitney Company provides   engineer ing services i n   t h e  

design of bui ldings,   br idges,   h ighways,   a i rports ,and  other   types  of   heavy 

cons t ruc t ion .   S ince   the  company is p r i v a t e l y  owned, i t  does   no t   d i sc lose  

its annual   bi l l ings  volume.   This  w a s  estimated by Engineering N e w s  Record 

to  be  between $7.5 M and $10 M i n  1973. [UI 

The engineer ing services of fered  by Ammann and  Whitney  include  pre- 

l imina ry   i nves t iga t ions ,  master planning  engineering  and  economic  feasi- 

b i l i t y   s tud ie s ,   p ro j ec t   p l ann ing   r epor t s ,   r e sea rch   and   deve lopmen t ,   and  con- 

s t ruc t ion   superv is ion .   These  services have  been  provided  for   var ious  projects  

such as h ighways ,   b r idges ,   a i rpor t s ,  mass t r anspor t a t ion   f ac i l i t i e s ,   commerc ia l  

and indus t r i a l   bu i ld ings ,   an t ennas ,   ha rbor s ,  and m i l i t a r y   i n s t a l l a t i o n s .  

Examples  of p r o j e c t s   t h a t   t h i s  company has  been  involved are: 

Br idges - -p repa red   p re l imina ry   f eas ib i l i t y   r epor t   f i na l   con t r ac t  

plans  and  supervised  construction  of  the  Verrazano-Narrows  Bridge 

i n  New York Harbor. 

Airports--prepared master p lan ,   f ina l   des ign ,   cont rac t   p lans   and  

supe rv i sed   cons t ruc t ion   o f   Du l l e s   In t e rna t iona l   A i rpo r t .  

P r o v i d e d   s t r u c t u r a l   d e s i g n   f o r   t h e  Albany Mall off ice   tower  (42  

s t o r i e s )   a n d   o t h e r   b u i l d i n g s   i n   t h e  Albany  South Mall f o r   t h e  State 

Government  of New York. 

It p r o v i d e d   f i n a l   c o n t r a c t   p l a n s   f o r   t h e   i n i t i a l   s e c t i o n  of t h e  

Washington, D.C.,subway. 
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A report  of  this  company's  evaluation  of  IPAD  applicability  in  the  design 
engineering  area  is  presented  in  an  earlier  section  of  this  report. 

Miscellaneous  Professiona1,Services  (SIC 8920,  8990) 

This  group  includes  establishments  primarily  engaged  in  noncommercial 
research  into  and  dessimenation  of,  information  for  public  health,  education, 
or general  welfare. It includes  noncommercial  scientific  agencies  such  as 
Battelle  Memorial  Institute  and  Stanford  Research  Institute,  as  well  as  agencies 
that  operate  primarily  on  funds  from  endowments,  contributions,or  grants. 

Battelle  Memorial  Institute 
(1973  Sales $99 M) 

This  company  is  the  world's.  largest  contract  research  organization,  with 
two  laboratories  in  the  United  States  at  Columbus,  Ohio  and  Richland,  Washington, 
and  two  laboratories  in  Europe:  Geneva,  Switzerland  and  Frankfurt,  Germany. 
Battelle  was  established  under  the  will  of  Gordon  Battelle  as a not-for-profit 
organization, as one  of  the  pioneers  of  contract  research-  Its  fields Of 

activities  span  essentially  all  fields  of  modern  technology  and  it  conducts 
research  under  contract  to  both  governmental  and  industrial  organizations. 
Fields of study  include  advanced  materials  and  processes,  engineering  systems 
and  technology,  environmental  quality,  management of natural  resources,  social 
systems,  information  systems,  education,and  many  others. 

Stanford  Research  Institute 

This  Institute  conducts  problem-solving  research  in  the  physical  and  life 
sciences,  radio  sciences,information  science,  urban  and  social  systems, 

economics,  management  sciences,and  engineering  systems.  It  was  founded  under 

the  auspices  of  the  Stanford  University  and a group  of  west  coast  industrialists, 
but  it  is  now a completely  independent  self-contained  research  organization. 
Stanford  operates  as a nonprofit  corporation,  with  income  derived  almost  en- 

tirely  from  conducting  contract  research  for  clients.  Its  reported  revenue 

in  1970  was  over $65 M. Later  revenue  figures  were  not  available. 
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Conglomerate  Corporations (SIC 9997) 

This  group  includes a number  of large  conglomerate   corporat ions whose 

operat ions  span a broad  range of activit ies so t h a t   t h e y  are n o t   l i s t e d   i n  

s ing le   c l a s s i f i ca t ions .   Th i s   ca t egory   i nc ludes  many famous large  corpora-  

t ions   such  as Gulf  and  Western,  International  Telephone  and  Telegraph, LTV 
Corporat ion,   Li t ton  Industr ies ,   Teledyne,   Inc. ,   Tenneco,   Inc. ,   and  Textron,  

Inc.  We w i l l  d i s c u s s   h e r e  Tenneco, Inc., and  Teledyne, Inc. 

Tenneco,  Incorporated 
(1973 Net Sales $3910 M) 

This company i s  engaged i n   o i l   p r o d u c t i o n ,   r e f i n i n g , a n d   m a r k e t i n g ;   n a t u r a l  

gas  producing  and  marketing;  chemical  manufacturing;  shipbuilding,  machinery 

and equipment   manufactur ing;   automotive  par ts   manufactur ing,and  a i rport   support  

a c t i v i t i e s .   O p e r a t i o n s  of i n t e r e s t   f o r   p o s s i b l e  IPAD app l i ca t ions   i nc lude  

shipbui lding,   through i t s  c o n t r o l  of t h e  Newport News Shipbuilding  and Dry I 

Dock  Company and t h e   s u b s i d i a r y  J. I. Case Company, which  manufactures  con- 

s t r u c t i o n  and farm  equipment. 

~ Teledyne,  Incorporated 
(1973 N e t  Saies $1455 M; R&D $23 M) 

This company o p e r a t e s   f i v e   l i n e s  of   business:   industr ia l   products   and 

s e r v i c e s ,   a v i a t i o n  and e l e c t r o n i c s ,   s p e c i a l t y  metals, consumer products  and 

pervices,and  insurance  and  f inance.   In its indus t r i a l   p roduc t s  area, it manu- 
f a c t u r e s   i n d u s t r i a l   e n g i n e s   f o r   a u t o m o t i v e  and s t a t i o n a r y   a p p l i c a t i o n s ,  

machine  tools ,  and  automated  manufacturing  equipment. It conducts  geophysical 

exp lo ra t ion  and o f f - s h o r e   d r i l l i n g   o n  a c o n t r a c t   b a s i s   f o r   o i l   c o m p a n i e s .  In 
its a v i a t i o n  and e l e c t r o n i c s   a c t i v i t i e s ,   t h e  company des igns  and manufactures 

a v a r i e t y  of unmanned a i r c r a f t   u s e d  b y   t h e   m i l i t a r y  services. It produces 

gas   t u rb ines   fo r   bo th  manned and unmanned a i r c r a f t .  It manufactures  computer, 

r a d a r ,  and o the r   e l ec t ron ic   sys t ems   fo r   a i r c ra f t   nav iga t ion ,   con t ro1 ,and  

communications. 
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APPENDIX B 

DESCRIPTION OF THE IPAD  PRESENTATION 
MADE TO SELECTED INDUSTRIES 

One fundamenta l   ob jec t ive   o f   th i s   research   cont rac t  was t o  

ob ta in   t he   d i r ec t   eva lua t ion   by   s e l ec t ed   compan ies   o f   t he   app l i ca -  

b i l i t y  of   the IPAD system  to   their   design  problems.  To accomplish 

this, i t  w a s  necessa ry   t ha t  a c a r e f u l  and d e t a i l e d   d e s c r i p t i o n   o f   t h e  

IPAD sys tem  be   p resented   to   the   research  management of  these  companies. 

I n   a d d i t i o n   t o   t h i s   p r e s e n t a t i o n ,   e a c h  of the  companies w a s  given a 

copy  of   the  execut ive  summaries   of   the   contractors '   s tudies  made by 

General  Dynamics/Convair  Aerospace  Division  and  by  the  Boeing 

Commercial A i r c r a f t  Company. (1,2) 

Those  companies t h a t   e x p r e s s e d   i n t e r e s t   i n   s t u d y i n g   t h e  

IPAD system were furn ished   copies  of the  complete  set o f   f e a s i b i l i t y  

r e p o r t s  (Iy 2, f o r  de t a i l ed   s tudy .  

It w a s  r e c o g n i z e d   t h a t   t h e   i n i t i a l   p r e s e n t a t i o n   o f   t h e  

IPAD s t o r y   t o   e a c h  company w a s  v i t a l l y   i m p o r t a n t  as t h e   b a s i s   o n  

which  the company management might  decide  whether  to make an  in-depth 

study  of IPAD. T h e r e f o r e ,   t h e   i n i t i a l   t a s k   o f  Battelle's research  

c o n t r a c t  was the   deve lopment   o f   th i s   p resenta t ion .  A team of B a t t e l l e  

s c i e n t i s t s  and management personnel was assembled,  including  those 

most fami l ia r   wi th   the   p roblems and  people  of  the  selected  companies. 

With the   he lp  of t h i s  team, a p r e s e n t a t i o n  w a s  formulated  which was 

then  reviewed  with  the  Langley  Research  Center.  A s  a r e s u l t  of t h i s  

review, a number of  changes were sugges t ed   i n   t he   p re sen ta t ion   t o  

make i t  more a c c u r a t e l y   r e f l e c t   t h e  IPAD development  program a t  t h a t  

time (Apri l ,  1974) .  F i n a l l y ,  as a r e s u l t   o f   f u r t h e r   r e f i n i n g  by t h e  

Battelle team, a p r e s e n t a t i o n  was developed  that ,  it was bel ieved,  

met the   dua l   ob jec t ives   o f   accu ra t e ly   r ep resen t ing  NASA's development 

p l a n s   f o r  IPAD and   re la t ing   the   p lanned  IPAD s y s t e m   c a p a b i l i t i e s   t o  

the  design  problems  of   each company. A f t e r   g i v i n g   t h e   p r e s e n t a t i o n  

to   s ix   companies   and  evaluat ing  responses   by  each company t o   t h e  

p r e s e n t a t i o n ,  i t  was conc luded   t ha t   t hese   ob jec t ives  had been 

achieved. 
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The r e s u l t s  of   the   eva lua t ions  made by  each company 

were descr ibed  in   the  main  sect ions  of   the   report .   These  evalu-  

a t i o n s  were based   par t ly   on   the   p resenta t ion  by Battelle and 

pa r t ly   on   s tudy ing   t he   f eas ib i l i t y   con t r ac t   r epor t s .   A l though   t he  

Battelle p r e s e n t a t i o n  as well as t h e   f e a s i b i l i t y   s t u d i e s   a c c u r a t e l y  

represented the s t a t u s  of IPAD planning a t  t h e  t i m e  each w a s  

prepared, NASA's plans  have  evolved  and w i l l  probably  cont inue  to  

evolve   dur ing   the   course  of t h e  IPAD development  program.  Therefore, 

t o  provide   the   p roper   perspec t ive   for   the   eva lua t ions  made by t h e  

various  companies,  a s h o r t   d e s c r i p t i o n  is given  here   of   the  Battelle 

p resen ta t ion .   Toge the r   w i th   t he   f eas ib i l i t y   con t r ac t   s tud ie s ,  

t h i s  documents  the  material   used  by  each company f o r  i ts  eva lua t ion  

of IPAD. 

(1 9 2) 

The p r e s e n t a t i o n   u t i l i z e d  a number of sl ides.  However, 

an   impor t an t   and   e f f ec t ive   pa r t  of t h e   p r e s e n t a t i o n  w a s  t h e  movie 

developed  by  General Dynamics. 

In   t he   fo l lowing ,   t he   s l i des   a r e   g iven   w i th  a very 

short:   discussion  of  each  on  facing  pages.  
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S l i d e  1 

The National  Aeronautics and  Space Administration  has  been  considering  the  development 

of a major  computer  software  system  called IPAD. This  system,  as  planned, w i l l  provide  the team 

designing complex s t ruc tu res   w i th  a s ign i f i can t   des ign   t oo l .  This program is expec ted   t o   g rea t ly  

assist t h e  team solve  its data  comunication  problems, and  promote t h e   i n t e r d i s c i p l i n a r y   i n t e r -  

a c t i o n  between members of the  design team. It is  a l so   expec ted   t o   he lp   i n  managing the  design 

process.  Analysis  modules will be  included  for   carrying  out   analysis  of the   var ious   face ts  of 

the  design  problem. 

The planned IPAD development  program is  expec ted   to   begin   in  FY75 and is  planned t o  

take  about 6 years  a t  a t o t a l   c o s t  -of $9,000,000. 
... 
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Slide 2 

This  slide  shows  the  outline of the  Eiattelle  presentation, 



OUTLINE 

SUMMARY OF \PAD DEVELOPMENT PROGRAM 
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Initial Studies 

IPAO Critiques 

DESCRIPTION OF THE PLANNED IPAD SYSTEM 

Overview 

Executive 
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Utilities 
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PROJECTED IPAO BENEFITS 

SUGGESTIONS FOR AN IPAO EVALUATION 
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Slide 3 

A t  the time the  presentation was made, the NASA plan  for  developing IPAD cal led  for  
issuing  the RFP for   the IPAD develo'pW.n't late i n  1974. The IPAD feas ib i l i ty   s tud ies  have been 

completed and cr i t ique  of the IPAD system by Aerospace and computer industries have ju s t  been 

completed. It is planned that t h e   f i r s t   l e v e l  of system development would proceed over a 
number of years  with  several  incremental releases, the first one  taking  place  approximately 2 

years   af ter  awarding the  contract. It is planned that a period of program maintenance w i l l  
follow  the issuance of t h e   f i r s t  release version of IPAD. 

.Ti' , 
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Beginning  in May, 1973, two c o n t r a c t o r s  were funded to   deve lop   de t a i l ed   de f in i t i on  of 

t h e  IPAD system  and  to   invest igate   whether   the  system, so def ined,  is feasible   for   implementat ion 

on  current  computer  machines. A s  t h e   r e s u l t  of these   s tud ies ,   the   cont rac tors (Boeing  Commercial 

Airplane Company and  General Dynamics/  Convair  Aerospace  Division)  independently  concluded  that 

the  planned IPAD system was f e a s i b l e  and would b@-h igh ly   bene f i c i a l   fo r   t he   des ign  of a i r c r a f t .   I n  

the  process   of   designing  the IPAD system,  the  contractors  conducted  analyses  of  the  design  process 

for   aerospace  systems,  and t r i e d   t o  estimate possible   benefi ts   f rom  using  the  system. Voluminous 

r e p o r t s  were prepared   descr ib ing ,   in   de ta i l ,   the   s tud ies   car r ied   ou t  and the   p ro jec ted  IPAD system 

design (1 , 2) 



INITIAL STUDIES 

b OBJECTIVES 

Conceptual Definition 
Feasibility Investigation 

TWO INDEPENDENT STUDIES CONTRACTED 

Boeing 
General Dynamics 

$625K Total, 17 Months Duration 

Analyzed  Design Process For Aerospace Vehicles 
Characterized Software System 
Assessed Benefits And Spinoff 



The f eas ib i l i t y   s tudy   r epor t s   deve loped  by 

by t h e   a i r c r a f t  and  computer  manufact h g  conpanies 
'(y Boeing  and  General Dynamics were studied 

shown on  Sl ide 5. The  major  conclusions 

of t hese  reviewers were t h a t  IPAD developrpent was indeed   feas ib le ,   and   tha t   use  of the  system 

would save time and money in   cal j rying  out  cgmpiex des ign   s tud ie s .  They a l so   agreed   tha t  

developing IPAD was a formidable   t ask  and t h a t  Government sponsorship was needed t o   i n s u r e   t h a t  

a system was developed. 

, . -. . .  
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LOCKHEED CONTROL DATA 

GRUMMAN UNIVAC 

ROCKWELL INTERNATIONAL 
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S l i d e s  6 
(A set o f   o v e r l a i d   s l i d e s )  

S l ide   6a  
, -r. 

.>.L 

The IPAD system,  planned  for  development  by NASA, c o n s i s t s  of 3 main  elements--the  Executive, 

t h e  Data Base Manager,  and t h e  set of IPAD u t i l i t i e s .   T h i s   s y s t e m   i n t e r f a c e s   w i t h   t h e   h o s t   c o m p u t e r  

opera t ing   sys tem  and   essent ia l ly   tu rns  i t  into  an  engineer ing-oriented  interact ive  design  system. As 

p lanned ,   t h i s  IPAD system w i l l  be  very  general   and  could  be  used  to  support  a g r e a t   v a r i e t y  of 

des ign   s tud ie s .  





S l i d e  6b 

In  the  design  of   an  aerospace  vehicle ,   the   design team (including  the  design management) 

w i l l  access t h e  set of a n a l y s i s  modules . .- on t h e   l e f t   t h r o u g h   t h e  IPAD Executive.  These  modules 

w i l l  be   suppl ied  data ,  as required,   from  the  design  data  base,  by t h e  Data Base Manager.  The set 
of IPAD u t i l i t i e s   s u p p o r t s   b o t h   t h e   E x e c u t i v e  and t h e  Data Base Manager in   execu t ing   t he i r   t a sks .  
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Slide 6c 

For a non-aerospace application,  such as the  design of  an  automobile, it is clear t h a t  

d i f f e ren t   ana lys i s  modules  and a different  design  data  base w i l l  be  required  than  for  aerospace 

design. Once these items are developed;.the  automotive  design team could  use  the IPAD system 

i n  much the same way for   the  design of  an  automobile as it is t o  be  used in   the   des ign  of an 

a i r c r a f t  . 

".. 

As ind ica ted   in   the   S l ide ,   the   cen t ra l  IPAD software  system would be  the same in   bo th  

aerospace and non-aerospace  versions and would support  both  types  of  design  activities. 

00 
0 
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This s l ide and the  nexc  @,sl ides  show  some examples  of the  funct ions  planned  for  

incorpora t ion   in to   the   th ree  main  components  of t h e  IPAD system.  These l ists  of funct ions 

are   not   complete ,   but   are   intended  to  convey  an  impression  of  the  purposes  planned  for  each 

p a r t  of the  system. 

A s  shown i n  S l i d e  7 ,  the  function  of-:i.he  Executive is  t o   r e c e i v e   t h e  commands of 

t h e   u s e r ,   t o   i n t e r p r e t  them,  and to   ca r ry   ou t   t he   r eques t ed   ac t ions  by in t e r f ac ing   w i th   t he  

host   operat ing  system,  or  by c a l l i n g   o t h e r   p a r t s  of t h e  IPAD system. The Executive w i l l  have 

many self-contained  "creature  comforts"  to make the  IPAD system easier to   use,   such as those 

shown. It can   a l so  c a l l  f o r   s p e c i f i c   r o u t i n e s  from t h e   u t i l i t i e s   s e c t i o n  shown on the   next  

s l i d e .  
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Sl ide  8 

The IPAD u t i l i t i e s  sec t iqn ,conta ins   genera l   purpose   u t i l i t i es   to   he lp  implement the  

Executive  control  functions.  Other-general u t i l i t i e s  include a very  general  graphics package 

and standard  mathematical   routines.   Special   purpose  uti l i t ies w i l l  a l so  be included  to  provide 
var ious   in te r faces  between the  data  base and the   ana lys i s  modules or  the  Executive.  This  section 

w i l l  a lso  include  var ious  a ids   for   adding  user 's   analysis  modules,  such as provis ions  for  

converting  input-output  formats of the   ana lys i s  module in to   the  IPAD data  language. Many diagnost ics  

w i l l  be  provided  to  help  the  user  detect   errors  in  his modeling  attempts. 

? " %  



IPAD UTILITIES 
GENERAL  PURPOSE UTILITIES 

CONTROL  FUNCTION IMPLEMENTATION 

GENERAL GRAPHICS PACKAGE 

STANDARD ROUTINES 

Optimization 
Statistics 

SPECIAL PURPOSE UTILITIES 

INTERFACE WITH  DATA BASE MANAGER 

AIDSJ~OR INSERTING MODULES INTO IPAD 

DIAGNOSTICS 
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The Data  Ease Manager i s  perhaps  the  most complex s e c t i o n  of t h e  IPAD system, and t h e  

most d i f f i c u l t   t o   d e v e l o p .  It wil l ,  ave to   provide many cont ro l   func t ions ,   wi th  a d a t a   d e f i n i t i o n  

language, and a data   manipulat ion  l iggLage.   Provis ion  for   securi ty  of the  software  from  unauthorized 

access w i l l  be  one  of  the  necessary  developments, The problems  associated  with  providing  computer 

da ta   base   secur i ty  are cur ren t ly   rece iv ing   cons iderable   s tudy ,  and it  is  general ly   agreed  that  

abso lu t e   da t a   s ecu r i ty  may be  extremely  diff icul t   to   guarantee.  

: p f. 

Other   data  base management a c t i v i t i e s  w i l l  provide  the  design management team with many 

a i d s   f o r  program  planning and scheduling, and for   genera t ing   var ious   p ro jec t   repor t s .  

It i s  planned  that   there  w i l l  be a v a r i e t y  of types of da t a   bases   t ha t  may be implemented 

on var ious  types of s torage  devices  as appropriate .  The d a t a  may range  between  that  used by a 

s ingle   ind iv idua l   to   genera l   da ta   tha t  may be  used by eve ryone .   H i s to r i ca l   da t a   l i b ra r i e s  may 

be   s to red   i n   o f f - l i ne   dev ices   fo r   poss ib l e  recall t o  trace t h e   h i s t o r y  of a pa r t i cu la r   des ign  

process.   Control  of  these  various  types of l i b r a r i e s  w i l l  r equi re   cons iderable   complexi ty   in  

t h e  Data Base Manager. 



DATA BASE MANAGER 

OVERALL CONTROL FUNCTIONS 

Data Oefinition Language 
Data Manipulation Language 
Security  Control  Software 
Data Structure  Transformations 

PROJECT MANAGEMENT 

Planning 
Communicating 
Reporting 

TECHI\JI$AL DATA BASE DICTIONARIES 

Community Data 
Historical -D.ata 
Standard Data 
Individual User Data 
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The IPAD Movie 

The IPAD movie was developed  by  the  General Dynamics/Convair  Aerospace 

Division  to  dramatically  demonstrate many of  the  planned  features of t he  IPAD 

system. The movie is p a r t i c u l a r l y   e f f e c t i v e   i n   i n d i c a t i n g   t h e  planned open- 

endedness of  the  system and how a design  project  management team w i l l  d i r e c t l y  

use  the IPAD system f o r  real-time pro jec t  management. The movie a l so   e f f ec t ive ly  

demonstrates how individual  engineers w i l l  use IPAD for   carrying  out   design 

functions  through  interactive  graphics  terminals.  By dynamically  demonstrating 

many of the  operat ions  involved  in   an IPAD design  process,   the movie has  an 

impact that  could  not  be  provided by a s tandard   s l ide   t a lk .  
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An important  phase  of  the IPAD f e a s i b i l i t y   s t u d i e s   c a r r i e d   o u t  by b e i n g  and  General 

Dynamics was the  s tudy of poss ib le   benef i t s   tha t  may be  obtained  from  application of IPAD t o  

the  design of a i r c r a f t .  The conclusions  of  both  contractors was t h a t   u t i l i z a t i o n  of IPAD would 

drast ical ly   reduce  both  the time and cos t  of  designing  aerospace  vehicles. 

As shown on the  s l ide,   o ther   benefi ts   that   could  accrue  f rom  using IPAD include 

obtaining improved designs.   Project management using IPAD would have  greater   control  of t he  

design  process so t h a t  problems  could  be  anticipated  and  solved more quick ly ,wi th   the   resu l t  

that   the   f inal   design  can  be  achieved  within  the  scheduled time. It is fur ther   be l ieved   tha t  

u t i l i z a t i o n  of IPAD w i l l  enable   g rea te r   a t ten t ion   to   be   g iven   to   des igning   par t s   for  ease of 

manufacture a t  the  same time that   they are designed  to  perform  their   required  function. Each 

in t eg ra t ion  of funct ion and manufacturabi l i ty ,   together   with  the  increased  a t tent ion  given  to  

improving the  design,  should  lead  to a reduced  need for  design  changes  during  production. 



PROJECTED BENEFITS 

0 IMPROVED DE~I,G'NER PRODUCTIVITY 
. 

SHORTER-~TIME 

IMPROVED DESIGN 

INCREASED CONFIDENCE 

0 BETTER VISIBILITY FOR PROJECT MANAGEMENT 

0 REDUCED RISK AND COST 

DESIGN ON-TIME 

PARTS DESIGNED FOR  EASE OF MANUFACTURE 

FEWER DESIGN CHANGES DURING PRODUCTION 
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The approach  that  an  individual company migh t , t ake   t o   eva lua te   t he   app l i cab i l i t y   o f  

IPAD t o  its design  processes  can  vary  greatly,  depending  on  the  products  of  the company and 

its particular  design  problems. However, Battelle bel ieved  that  some general   suggestions  for 

making such  an  evaluation would be   he lpfu l   to   those  companies t h a t  would dec ide   to   inves t iga te  

IPAD . 
Each of  the  contacted  companies  that   expressed  an  interest   in  evaluating IPAD were 

furnished  complete  copies of t he   f eas ib i l i t y   s tud ie s .   ( lS2 )   S ince   t hese   s tud ie s  were devoted 

to   the   appl ica t ion   of  IPAD to  aerospace  design, i t  was necessary  for  the  non-aerospace  designer 

t o   s tudy   t he   r epor t s  and t o  make a mental  transformation  of  the IPAD system  objectives from an 

a i r c r a f t   d e s i g n   t o   h i s  company products. 

It was believed that th is   could   be   bes t  done i f   the   designer   concentrated  on a s i n g l e  

p r o d u c t   i n i t i a l l y  and made an  evaluation  of  whether IPAD could   he lp   in  i t s  design. Once an 

understanding,  or  understanding of the IPAD impact on a single  product  design was a t ta ined ,  it 

would then  be  easier  to  evaluate  whether IPAD could  help  in  design  of  other company products. 

For those companies t h a t  carried out   the  IPAD evaluations,  i t  was requested  that  

follow-up  meetings would be  held  to  discuss  the  conclusions  reached.  After  l istening  to Battelle's 
presentat ion and s tudy ing   t he   Exeysve  summaries  of t h e   f e a s i b i l i t y   s t u d i e s ,   f o u r  companies made 

evaluations  of  the IPAD system. The r e s u l t s  of  these  evaluations are described earlier i n   t h e  

report .  
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SUGGESTIONS FOR AN IPAD EVALUATION PROCEDURE- 

= STUDY IPAD REPORTS 

EVALUATE  APPLICATION OF IPAD TO A DESIGN PROBLEM 
I 
! 

Select a Specific  Design  Problem 

rD KI Consider a Possible IPAD System Design for the Problem 

Estimate  Effort to Develop Needed IPAD Design 

Estimate  Possible IPAD Improvement of Design  Productivity 

CONSIDER OTHER DESIGN FUNCTIONS FOR WHICH IPAD h4lGHT BE USED 

= EVALUATE WHETHER USING IPAD COULD BE COST-EFFECTIVE FOR YOU 

MEET WITH  BATTELLE (OR NASA) TO DISCUSS YOUR CONCLUSIONS 
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